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Chapter  1 


BACKGROUND 


Introduction 

This  study  develops  an  isomorphic  simulation  model 
of  the  Royal  Australian  Air  Force  (RAAF)  Officer  Corps. 

The  primary  purpose  of  the  model  is  to  assist  manpower 
forecasting  for  a  period  up  to  ten  years  from  the  base 
year.  The  Director  of  Personnel  Officers-Air  Force,  and 
the  Director  of  Resources  Monitoring  and  Planning-Air 
Force  are  co-sponsors  for  this  study. 

The  required  effectiveness  of  a  nation's  Armed 
Services  can  be  determined  from  the  strategic  and  tactical 
threats  that  face  the  nation.  Whether  the  nation  can 
create  a  force  of  the  desired  effectiveness  depends  in  part 
on  the  efficiency  of  the  force,  which  in  turn  depends  on 
the  quality  of  both  long  and  short  term  decisions  made  by 
members  of  the  force  itself.  The  quality  of  these  deci¬ 
sions  depends  to  a  great  degree  on  the  quality  of  the  per¬ 
sonnel  of  the  Armed  Services. 

Creating  a  Service  containing  high  quality  per¬ 
sonnel  is  a  demanding  task.  One  approach  to  the  problem 
is  to  consider  manpower  as  a  resource,  and  to  manage  that 
resource  in  the  way  other  resources  are  managed;  i.e.,  use 


Cost.  The  most  "visible”  reason  for  nmnpower 
resource  management  is  the  high  cost  of  Service  personnel. 
In  most  Armed  Services,  m2mpower  salaries  consume  about  20 
percent  of  the  budget.  For  example,  in  the  USAF  the  FY80 
Military  Personnel  Budget  was  $M8,416  out  of  a  budget  of 
$M39,928  (i.e.,  21  percent),  and  in  FY81  was  $M8,7C1  of  a 
budget  of  $M45,732  (i.e.,  19  percent)  (Air  Force  Report 
FY/1981,  Table  1:29).  Even  these  high  figures  probably 
underestimate  the  total  cost  of  military  personnel;  much 
Service  activity  is  devoted  to  recruiting,  training,  super¬ 
vising,  housing,  and  otherwise  caring  for  Service  members. 
The  percentage  of  the  available  effort  devoted  to  these 
activities  can  be  directly  affected  by  Personnel  Policies. 
Consequently,  given  a  target  degree  of  Service  effective¬ 
ness,  the  cost  of  achieving  the  target  is  very  sensitive 
to  the  quality  of  the  manpower  resource  management. 
Alternatively,  given  a  fixed  defense  budget,  the  funds 
available  for  weapons  acquisition  will  be  affected  by  fluids 
spent  on  personnel;  again,  efficient  management  of  the  man¬ 
power  resource  cam  directly  affect  force  effectiveness. 

Lead  Time.  Little  lateral  recruiting  is  possible 
in  the  Armed  Services.  (Lateral  recruiting  meems  obtaining 


personnel  for  all  levels  of  the  organization  who  are 
already  trained;  e.g.,  appointing  a  civilian  (say)  at 
Wing  Commemder /Lieutenant  Colonel  level  on  the  basis  of 
relevant  nonservice  experience.)  Consequently,  building  a 
force  of  the  desired  structure  is  a  long  term  task  as 
filling  the  Service  with  skilled  personnel  can  only  be 
achieved  by  recruiting  at  a  junior  level,  then  providing 
the  necessary  skills  through  a  long  period  of  work  experi¬ 
ence  and  training.  The  lead  time  to  develop,  say,  a  senior 
acquisition  manager  or  a  squadron  commander  may  be  as  much 
as  twenty  years.  If  strategic  changes  require  a  chcuige  in 
structure  of  the  Armed  Services,  such  changes  may  be  diffi¬ 
cult  to  achieve  because  the  inertia  inherent  in  the  man¬ 
power  structure  can  prevent  the  Armed  Services  reacting 
flexibly  to  changes  in  the  threat.  The  adapt2d>ility  of 
the  Armed  Services  can  be  greatly  enhanced  by  manpower 
resource  m2uiagement  methods  that  use  scientific  forecasting 
techniques  and  "feed- forward”  control  systems  to  achieve 
Service  goals. 

Problem  Complexity.  Solving  problems  arising  in 
manpower  resource  management  can  be  particularly  difficult 
because  of  their  complex,  multidimensional  nature.  An 
"influence"  diagram  has  been  included  to  show  some  of  the 


interacting  elements.  Figure  1.1  shows  elements  that  are 
central  to  the  problem.  Note  the  large  number  of 


Fig.  1.1  Influence  Diagram  Showing  the  Elements 
that  Affect  the  RAAF  Officer  Corps 

Key:  *  »  Elements  of  the  FORVAR  Model 


#  s  Eler  .nts  of  the  ROS  Model 


interdependent  factors  in  the  diagram,  and  that  factors 
both  external  and  internal  to  the  Service  affect  the  state 
of  the  manpower  resource.  Manpower  planning  methods  must 
contend  with  the  variety  of  states  that  such  a  complex 
situation  can  generate.  Consider  some  (of  the  many) 
exan^les  of  problems  that  must  be  dealt  with  by  the  Man¬ 
power  planner: 

1.  Many  solutions  require  an  expert  understanding 
of  human  behavior  and,  although  research  has 
been  expanding  rapidly  in  this  area  in  recent 
years,  there  is  often  far  less  them  perfect 
agreement  in  many  relevant  areas.  For  excunple 
theories  on  methods  of  achieving  the  best  per¬ 
formance  from  individuals  abound,  but  there  is 
no  single  theory  that  has  been  demonstrated  to 
be  superior  (see,  for  example,  Albanese,  1981: 
10-13) .  Thus  a  manpower  resource  manager 
usually  cannot  be  confident  that  he  is  using 
the  "one  best  way"  or  even  that  a  technique, 
now  thought  to  be  sound,  will  not  be  shown  to 
be  ineffective  by  later  research. 

2.  Manpower  considerations  usually  (and  right¬ 
fully  so) ,  lie  at  the  end  of  a  long  analytical 
chain.  Threats  must  be  evaluated,  force  struc' 
tures  determined,  weapons  developed  and, 
finally,  personnel  trained  to  manage  and  man 


those  weapons.  Reaction  to  these  analyses 
requires  close  coordination  across  many  sec¬ 
tions  of  the  Service  organization  as  is  demon¬ 
strated  by  Figure  1.1.  Should  any  analysis  in 
the  chain  vary,  a  change  in  manpower  require¬ 
ments  is  likely  to  follow. 

Thirdly,  the  personnel  mcunagement  environment 
is  continually  changing.  For  exanqple,  the 
status  of  Armed  Forces  in  the  USA  (emd  to  a 
lesser  degree  in  Australia) ,  has  changed  from 
hero  to  villain  auid  is  perhaps  back  on  its  way 
to  hero  again.  Internally,  conditions  of 
service  change,  vdiile  externally,  employment 
rates  vary  with  the  state  of  the  economy;  the 
combined  effect  greatly  changes  voluntary 
wastage  rates  vdiich  complicate  the  managemerr; 
process.  The  term  "wastage”  is  an  important 
one.  In  this  study,  "wastage"  means  the  loss 
of  personnel  from  the  Service  due  to  any  cause 
e.g.,  resignation,  death,  disability,  combat 
losses,  and  service  no  longer  required.  Thus, 
flexibility  must  be  a  key  note  of  manpower 
management . 


Problem  Statement 


Summary.  The  effectiveness  and  efficiency  of  any 
Armed  Service  depends  to  a  great  degree  on  the  quality  of 
its  personnel,  considered  to  be  a  valuable  resource 
requiring  skilled  mcuiagement.  Determination  of  manpower 
requirements  is  a  difficult  process,  complicated  by  factors 
such  as  long  lead  times,  variation  in  strategic  threats, 
uncertadLnty  about  optimum  management  methods,  the  require¬ 
ment  for  organizational  coordination  and  a  continually 
changing  management  environment.  An  incentive  to  manage 
the  manpower  resource  efficiently  comes  from  the  large 
proportion  of  the  defense  budget  that  it  consumes. 

Problem  Statement.  In  essence,  the  problem  is  to 
manage  the  manpower  resource  in  a  way  that  maximizes  the 
effectiveness  and  efficiency  of  the  Armed  Services.  Such 
management  should  take  account  of  both  long  and  short  term 
factors,  yet  remain  flexible  and  adaptable  in  order  to 
place  the  minimum  possible  constraints  on  strategic  plans 
vdiile  consuming  as  little  of  the  defense  resource  as 
possible. 


Chapter  2 


FUNCTIONS  OF  A  PERSONNEL  SYSTEM 


Introduction 

The  purpose  of  this  chapter  is  to  describe  manpower 
management  as  conducted  by  the  Royal  Australian  Air  Force. 
Emphasis  is  placed  on  a  "systems”  approach  to  resource  man¬ 
agement.  Although  the  Personnel  Division  of  the  Royal 
Australian  Air  Force  has  the  ultimate  responsibility  for 
the  disposition  of  the  manpower  resource,  many  other  sec¬ 
tions  of  the  RAAF  have  a  strong  influence  over  those  dis¬ 
positions,  especially  on  the  long  term.  This  "external” 

(to  Personnel  Division)  control  of  the  manpower  resource  is 
as  it  should  be;  Personnel  Division  is  essentially  a  "sup¬ 
port"  agency  vAiich  should  in^ose  as  few  constraints  as 
possible  on  operations.  At  the  same  time,  it  should  be 
clearly  understood  that  to  function  in  the  flexible  and 
adaptable  manner  required,  the  external  agencies  must  con¬ 
tinuously  provide  timely  information  (e.g.,  forecast  opera¬ 
tional  requirements)  as  eui  input  to  the  meuipower  pleuming 
process . 


"Organization"  vs  "Systems"  Approach.  In  the  pre¬ 
vious  paragraph,  the  "systems”  approach  was  mentioned. 

Some  discussion  of  the  difference  between  "organization" 


and  "systems"  methods  may  therefore  be  appropriate.  The 
organization  method  of  solving  problems  is  commonly  used 
in  the  Armed  Services  and  is  based  on  the  principles  of 
bureaucracy  as  espoused  by  Max  Weber  (Albanese#  1981:499) . 
The  word  "bureaucracy"  is  not  used  in  the  usual  derogatory 
sense;  here  it  implies  a  relevant  and  efficient  method  of 
organization  based  on  division  of  labor,  a  hierarchy  of 
authority,  and  regulations  and  procedures  covering  actions 
to  be  taken.  Although  the  bureaucratic  method  of  organiza¬ 
tion  can  be  effective  for  many  problems  facing  the  ser¬ 
vices,  it  is  generally  too  slow  and  cumbersome  for  mampower 
planning  activities,  primarily  because  of  the  requirement 
for  "real  time"  information  from  a  wide  variety  of  sources. 
To  show  the  rationale,  organizational  diagrams  of  the  Royal 
Australian  Air  Force  higher  command,  and  of  the  Personnel 
Division  have  been  included  as  Figures  2.1  and  2.2  respec¬ 
tively.  In  the  subsequent  discussions  of  manpower  resource 
management  methods,  it  may  be  useful  to  identify  the  vari¬ 
ous  identities  on  the  orgeuiization  chart  emd  contrast  the 
lines  of  communication  through  the  hierarchy  with  the 
paths  on  the  influence  diagram  (Figure  1.1)  in  Chapter  1. 
This  should  clearly  establish  the  need  for  the  "systems" 
approach.  This  method  of  dealing  with  problems  is  described 
fully  by  many  authors.  A  useful  reference  on  this  subject 
is  Schoderbek,  Schoderbek,  and  Kefalas  (1980) .  In  essence, 
the  systems  approach  is  a  .method  of  dealing  with  the  entire 
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problem  by  teUcing  a  "vAiolistic”  view,  rather  than  segment¬ 
ing  the  problem  as  Is  commonly  done  in  differentiated 
bureaucracies.  Reference  to  Figure  1.1  shows  the  elements 
of  the  manpower  strength  management  problem.  Those  ele¬ 
ments  modeled  by  ROS  are  marked  with  the  character  "#.” 
Note  that  the  lines  of  influence  cross  many  organization 
boundaries  and  indeed  hierarchies.  Thus,  if  the  important 
actions  of  planning,  and  control  are  to  be  successful,  an 
effective  method  that  can  be  used  is  the  systems  approach, 
vdiere  all  the  relevauit  factors  are  considered  simultane¬ 
ously. 

Allocation  of  Tasks  euid  Resources 

From  strategic  assessments.  Defense  Force  Tasks 
are  determined  and  resources  allocated  via  a  bifurcated 
system  shown  in  Figure  2.3.  The  task  and  resource  alloca¬ 
tion  works  as  follows.  From  a  strategic  assessment,  the 
Australian  Government  determines  Defense  Force  activities 
or  tasks.  These  tasks  are  broken  down  to  tasks  for  the 
individual  Services.  In  the  Royal  Australiem  Air  Force, 
the  Director  of  Organization  and  EsteUslishment-Air  Force 
translates  these  tasks  into  eui  organization  (e.g..  Divi¬ 
sions,  Commands,  Squadrons  and  Units),  and  develops  an 
establishment  table,  hereafter  called  the  "establishment,” 
containing  a  list  of  tasks  to  be  carried  out  by  indi¬ 
vidual  (s).  In  the  case  of  the  Officer  Corps  Estadslishment, 
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one  officer  position  is  assigned  to  each  task.  No  direct 
regard  is  tedcen  of  the  actual  resources  availed^le;  the  pro¬ 
cess  is  based  on  job  analyses  and  a  number  of  manning  rules 

The  Australian  Government  also  allocates  resources 
to  undertcUce  the  tasks.  Amongst  these  is  the  Authorized 
Terminal  Strength  which  is  a  manpower  ceiling  to  be 
achieved  at  the  end  of  the  fiscal  year.  The  Authorized 
Terminal  Strength  is  broken  down  by  Service,  then  for  the 
Royal  Australian  Air  Force  into  officers  and  airmen  and, 
finally,  the  officer  figure  is  divided  between  officer 
cadets  and  the  "working"  officer  Authorized  Terminal 
Strength.  This  last  figure  is  the  one  of  interest  in  this 
study . 

The  disposition  of  manpower  is  the  responsibility 
of  the  Royal  Australian  Air  Force  Personnel  Division,  vdiich 
must  attempt  to  "man"  the  Establishment.  Regrettedsly,  the 
resources  historically  allocated  fall  about  10  percent 
short  of  an  Estedilishment  which  would  satisfy  all  tasks 
and,  consequently,  some  positions  ceui  never  be  filled. 

Thus,  allocation  rules  are  required  to  nuOce  most  effective 
use  of  the  authorized  manpower.  This  allocation  provides 
short  term  targets  emd  the  task  of  strength  allocation  is 
underteUcen  by  the  manpower  requirements  cell  in  the  Direc¬ 
torate  of  Personnel  Officers-Air  Force.  Once  strength 
targets  are  determined,  a  continuing  activity  is  the  con¬ 
trol  of  recruiting  rates  to  meet  these  targets.  Both  long 


and  short  term  considerations  must  be  made  to  build  a 
force  of  the  required  structure.  Once  personnel  are  avail¬ 
able,  other  sections  of  the  organization  control  their 
day-to-day  management.  These  activities  are  discussed 
next. 

Activities 

Structure .  This  study  is  concerned  with  the 
strength  management  of  the  Officer  Corps;  consequently, 
only  the  Royal  Australian  Air  Force  officer  structure  will 
be  discussed  in  any  detail.  The  Royal  Australian  Air  Force 
does  not  use  a  job  classification  system  similar  to  the 
United  States  Air  Force  Specialty  Code  (vdiich  is  usually 
referred  to  as  the  "AFSC”);  instead,  officers  are  recruited 
into  one  of  twenty-five  "Categories”  which  describe  the 
basic  activity  of  the  officer  (e.g.,  PILOT,  NURSE,  ADMINIS¬ 
TRATIVE)  .  Generally,  officers  remain  within  that  category 
for  the  remainder  of  their  service  career.  Annual  category 
transfers  are  less  than  1  percent  of  the  total  strength. 
Category  strengths  range  from  ^d}out  800  for  PILOT  to  as 
low  as  six  for  RADIOGRAPHER.  A  number  of  categories  are 
grouped  to  form  five  Branches,  viz  GENERAL  DUTIES  (the 
operations  Branch),  ENGINEER,  EQUIPMENT  (supply),  SPECIAL 
DUTIES  (a  variety  of  categories  generally  covering  support 
activities),  and  MEDICAL.  Within  the  Royal  Australian  Air 
Force  there  are  nine  officer  ranks  vrtiich  follow  the  British 


Royal  Air  Force  neuning  convention;  only  seven  of  these 
ranks  are  of  interest  in  this  study.  The  ranks  are  trun¬ 
cated  at  each  end;  e.g..  Pilot  Officers  are  included  with 
Flying  Officers  and  Air  Marshals  and  above  with  Air  Vice 
Marshals.  The  seven  ranks  and  their  United  States  Air 
Force  equivalents  are  shown  in  Figure  2.4. 

Establishment.  The  development  of  the  Ested^lish- 
ment  has  been  discussed  above.  The  Establishment  is 
recorded  by  the  Establishment  T2d:>le  vAiich  contains  an 
entry  for  each  officer  position.  Copies  are  held  by  the 
Director  of  Organization  and  Estedslishment-Air  Force,  and 
the  Director  of  Personnel  Officers-Air  Force;  changes  are 
reported  to  users  as  variations  to  the  Table.  Ntimerical 
summaries  are  used  for  strength  management.  These  sum¬ 
maries  combine  all  the  individual  entries  into  a  number 
for  each  reuik  in  each  Category.  Note  that  all  Categories 
do  not  have  established  positions  in  each  rank;  promotion 
is  thus  limited  in  these  Categories.  Establishment  numbers 
are  summarized  into  Category  totals.  Branch  and  Branch/remk 
totals,  and  Royal  Australian  Air  Force  and  Royal  Australian 
Air  Force/rank  totals.  Ideally,  changes  to  accommodate 
new  projects  should  be  issued  with  at  least  the  lead  time 
required  to  create  officers  of  the  required  Category  and 
rank;  in  practice  changes  are  rarely  issued  more  than  a 
couple  of  months  before  the  requirement  to  fill  the 


position.  Accordingly,  other  means  must  be  found  to  esti¬ 
mate  the  long  term  changes  (see  Chapter  4  for  an  examina¬ 
tion  of  this  problem) . 


B 


Resource  Allocation.  The  Defense  Force  Authorized 
Terminal  Strength  is  used  as  the  basis  for  the  Royal 
Australian  Air  Force  Officer  Authorized  Terminal  Strength 
as  described  above.  The  growth  of  the  Authorized  Terminal 
Strength  is  based  on  the  Australian  Five  Year  Defence  Plan 
and,  compared  with  establishment  figures,  is  a  relatively 
stable  figure.  Typically,  the  officer  strength  is  allowed 
to  grow  at  about  fifty  per  year  which  represents  an 
increase  of  2d}out  1.5  percent  per  annum.  Arbitrary 
(though  realistic)  ru].es  are  used  to  divide  the  Authorized 
Terminal  Strength  amongst  the  Branches,  Categories  and 
ranks  to  form  "manning  targets."  Should  changes  in  the 
est£d}lishment  process  bring  the  Ested^lishment  closer  to  the 
Authorized  Terminal  Strength,  the  allocation  rules  may  be 
changed.  Clearly,  the  ideal  situation  is  a  one-for-one 
match  between  the  Establishment  and  the  Authorized  Terminal 
Strength.  The  allocation  is  made  each  month  by  the  Direc¬ 
torate  of  Personnel  Off leer s-Air  Force  strength  management 
cell  on  the  basis  of  the  Estcd^lishment  at  that  time.  For 
long  range  planning,  the  same  allocation  rules  are  used 
with  estimates  of  the  Establishment  at  the  beginning  of 
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each  year.  (Planning  cycles  may  start  at  the  beginning 
of  the  calendar  or  the  financial  year.)  Allocation  rules 
are: 

1.  100  percent  manned: 

a.  GENERAL  DUTIES  Branch, 

b.  Categories  with  a  total  establishment 
less  than  thirty-five,  and 

c.  Ranks  above  and  including  Group  Captain; 

2.  96  percent  manned:  all  Wing  Commander  ranks 
not  included  in  subparagraph  1; 

92  percent  manned:  all  Squadron  Leader  reuiks 
not  included  in  subparagraph  1; 

3.  Variable  manning:  the  remaining  portion  of  the 
Authorized  Terminal  Strength  not  accounted  for 
by  these  allocation  rules  is  divided  among  the 
Flight  Lieutenant  to  Flying  Officer  ranks  not 
included  in  subparagraph  1.  As  the  estcUslish- 

t 

ment  and  Authorized  Terminal  Strength  changes, 
the  manning  percentage  (which  equals  target 
divided  by  the  Establishment  times  100)  will 
of  necessity  vary.  In  recent  times,  the  man¬ 
ning  percentage  has  "floated"  between  abont  88 
and  91  percent. 

Wastage .  The  most  important  factor  in  creating  a 
Service  of  a  particular  quality  and  structure  is  wastage. 


If  wastage  could  be  controlled  adequately,  for  example  by 
selective  increases  or  decreases  over  the  "natural"  rate, 
low  quality  or  surplus  officers  could  be  eliminated  while 
high  quality  officers  could  be  retained.  M£uiy  personnel 
policies  are  aimed  at  wastage  control  though  often  neither 
the  factors  causing  wastage  nor  the  effectiveness  of  the 
controls  are  well  understood.  From  a  ntimerical  point  of 
view,  wastage  also  dominates.  In  the  Royal  Australian 
Air  Force,  growth  is  only  about  50  per  year  while  in  recent 
years  officer  wastage  has  varied  between  about  220  to  290. 
Thus  wastage  has  ed^out  five  times  more  effect  on  the  Offi¬ 
cer  Corps  structure  than  growth.  Wastage  is  effected  in 
three  ways.  A  few  officers  reach  age  retirement  \dien 
departure  from  the  Royal  Australian  Air  Force  is  mandatory. 
Some  (although  very  few)  officers  fail  to  perform  suffi¬ 
ciently  well  after  appointment  and  are  not  granted  permanent 
status;  these  officers  leave  the  Service  at  the  end  of 
their  short  service  commission.  The  majority  of  officers 
resign  before  age  retirement,  giving  three  months  notice. 
Many  factors  affect  the  timing  of  resignations;  however, 
by  far  the  strongest  correlation  is  with  years  of  service. 
This  relationship  was  established  by  the  author  during 
studies  that  were  carried  out  in  his  previous  job  as  the 
Royal  Australian  Air  Force  officer  responsible  for  officer 
strength  management  (Mills,  1979-81) .  There  are  a  nximber 
of  reasons  for  this  relationship;  many  benefits  and  return 


of  service  for  training  are  based  on  whole  years  of  service 
The  most  important  is  the  Defence  Force  Retirement  Benefit 
Scheme  which  allows  officers  with  twenty  or  more  years  of 
service  to  leave  the  Service  with  a  pension.  Finally, 
within  a  single  year,  separation  rates  are  highly  seasonal; 
the  greatest  cause  being  high  recruiting  rates  in  January 
and  the  desire  for  individuals  to  complete  a  vAiole  year  of 
service  and/or  separate  during  the  school  holidays,  thereby 
causing  minimum  disruption  to  dependent's  schooling. 
Representation  of  wastage  must  take  account  of  these  fac¬ 
tors;  generally  the  most  accurate  figures  CeUi  be  obtained 
by  using  years  of  service  as  a  predictor  and  restricting 
evali^ations  of  wastage  over  an  integer  number  of  years  to 
avoid  seasonal  effects. 

Promotions.  For  ranks  of  Flight  Lieutenant  euid 
cd90ve,  the  combined  effects  of  growth  and  wastage  create 
"holes"  in  the  Establishment  (or  more  accurately,  "holes" 
in  the  targets  for  each  rank  in  each  Category)  that  must 
be  filled  by  promotions  from  junior  ranks.  In  the  Royal 
Australian  Air  Force,  promotions  boards  are  held  annually, 
starting  about  February  and  finishing  about  July. 

Australian  Defence  Instruction  (Air  Force)  Pers  5-9,  Pro¬ 
motion  Policy — Officers  (1978),  states  the  criteria  for 
promotion.  While  there  are  several  criteria,  promotions 
are  generally  based  on  merit  and  seniority,  although 


regression  analysis  reveals  the  major  factor  is  seniority 
(Mills,  1979-81) .  Officers  must  have  a  minimum  time  in 
rank  to  be  considered  for  promotion  in  order  to  allow  time 
to  gain  the  necessary  experience  as  well  as  allowing  time 
for  each  officer  to  be  fairly  evaluated  in  his  present  rank. 
The  number  of  promotions  to  the  next  rank  is  based  on  the 
promotion  vacancies  which  are  created  by  wastage  in  the 
rank,  growth,  and  promotion  out  of  the  rank.  Thus,  the 
promotion  process  must  start  at  the  most  senior  rank,  and 
successively  work  down  to  Flight  Lieutenant  ("promotion" 
to  Flying  Officer  is  the  process  of  appointment/recruit¬ 
ment)  .  Flying  Officers  are  promoted  to  Flight  Lieutenemt 
on  a  time  basis,  the  only  exception  being  a  failure  to 
complete  promotion  exams,  which  is  rare.  For  the  ranks  of 
Flight  Lieutenant  and  «d)Ove,  promotion  is  competitive. 

Some  officers,  about  15  percent  of  the  strength  in  each 
rank,  are  considered  "unpromotable"  and  continue  to  serve 
in  the  same  rank  luitil  they  resign  or  are  forced  by  age 
to  retire.  Promotions  take  effect  in  "batches"  on 
1  January  and  1  July,  with  sufficient  numbers  being  pro¬ 
moted  on  these  dates  such  that  the  average  number  in  the 
rank  during  the  year  equals  the  target.  At  times  there 
are  insufficient  officers  with  the  required  time  in  rank 
and/or  quality  to  meet  promotion  targets.  In  this  instance 
the  promotion  board  selects  those  vAio  meet  the  criteria  and 
promotions  will  fall  short  of  the  target.  When  wastage  is 


high  or  establishment  growth  excessive,  such  shortages  may 
become  chronic.  Nevertheless,  the  current  policy  within 
Personnel  Division  is  to  maintain  a  standard  and  conse¬ 
quently  suffer  shortages  in  the  rank,  rather  than  demean 
the  rank  by  promoting  inexperienced  and/or  inferior  per¬ 
sonnel.  For  the  GENERAL  DUTIES  and  ENGINEER  Branches, 
promotions  are  made  by  Branch,  in  other  instances  by  Cate¬ 
gory.  However,  examination  of  the  promotion  rates  within 
these  two  Branches  shows  that  promotion  rates  within  their 
component  Categories  are  made  at  an  equitcdjle  rate;  i.e., 
there  is  no  policy  to  discriminate  against  any  Category 
(Mills,  1979-81) .  Finally,  v^en  a  group  of  officers  are 
promoted,  they  retain  the  seniority  order  they  held  in 
their  previous  rank.  The  promotion  system  has  developed 
heuristically  over  the  years,  and  comments  on  the  factors 
relevant  to  promotion  are  based  as  much  on  recent  observa¬ 
tion  as  formal  documentation. 


Recruitment  and  Officer  Training.  Growth  and 
wastage  deplete  the  number  in  any  Category  below  the  cal¬ 
culated  target.  Such  shortfalls  can  only  be  made  up  by 
new  officer  appointments  (given  an  insignificant  level  of 
lateral  recruiting  (see  Chapter  1  for  an  explanation  of 
lateral  recruiting)).  Two  basic  avenues  of  entry  exist. 
The  first  is  via  an  officer  cadetship  vrtiere  individuals 
undertaUce  various  forms  of  training  (e.g.,  a  Science  or 


Engineering  Degree,  pilot  or  navigator  training) .  The 
second  is  via  direct  entry;  mattxre  age  recruits  (i.e.,  those 
vdiose  age  on  appointment  exceeds  twenty-one)  join  directly 
to  become  junior  officers.  Lead  time  from  the  awareness 
of  a  requirement  to  appointment  varies  from  about  one  year 
for  direct  entry  officers  to  about  five  years  for  officer 
cadets  who  complete  four-year  degrees.  A  small  number  of 
airmen  (about  thirty-five  per  year)  are  commissioned  from 
the  ran]cs.  Length  of  service  is  calculated  from  the  time 
an  individual  enlists  (as  a  cadet  or  an  airman)  or  is 
appointed  (as  a  direct  entry  officer) .  Accordingly,  the 
number  of  years  of  service  on  appointment  can  vary  from 
zero  to  about  twenty;  generally,  though,  a  representative 
value  can  be  selected  for  each  Category.  Recruiting  short¬ 
falls  can  (and  often  do)  occur  when  facilities  limit  intaJce 
or  insufficient  members  of  the  public  volunteer  to  join  a 
Category.  Both  problems  are  serious;  creating  new  facili¬ 
ties  can  taJce  over  five  years  while  attempts  to  persuade 
more  members  of  the  public  to  join  a  particular  Category 
(e.g.,  via  increased  advertising)  are  often  ineffective. 
Lowering  standards  in  order  to  achieve  strength  targets  in 
the  short  term  has  generally  been  found  to  be  an  unsatis¬ 
factory  practice.  The  Royal  Australian  Air  Force  has  a 
long  history  of  validating  entrance  standards  with  subse¬ 
quent  performance;  reducing  qualifying  levels  often 
replaces  short  term  deficiencies  with  serious  long  term 


problems.  Consequently,  long  term  shortfalls  in  recruit¬ 
ing  targets  can  (and  do)  occur.  The  various  aspects  of 
recruiting  were  closely  studied  by  the  author  during  his 
tour  in  the  Director  of  Personnel  Officers-Air  Force,  as  a 
detailed  understanding  of  the  recruiting  process  and  its 
constraints  and  vital  to  long  term  strength  management 
(Mills,  1979-81) . 

Other  Activities.  Several  other  activities  are 
undertcUcen  by  the  Royal  Australian  Air  Force  Personnel 
Division.  Perhaps  the  most  important  is  the  "posting”  or 
movement  of  officers  to  fill  vacancies  caused  by  promotion, 
growth  and  wastage.  As  well  as  posting  activities,  develop¬ 
ment  of  individual  officers  (career  management)  is  also 
undertalcen  by  Director  of  Personnel  Officers-Air  Force,  by 
selecting  specific  officers  for  training  or  positions  vAiich 
will  provide  s)cills  to  enhance  career  progression.  Perform¬ 
ance  evaluation  to  support  promotion  and  career  development 
is  an  integral  part  of  the  management.  Similar  activities 
to  Director  of  Personnel  Officers-Air  Force  are  conducted 
by  the  Director  of  Personnel  Airmen.  Budgeting  and  Costing 
is  conducted  by  a  civilian  cell.  Conditions  of  Service 
(e.g.,  policy  on  pay,  leave,  allowances,  removals,  etc.) 
are  monitored  by  the  Director  General  of  Personnel  Services 
Air  Force  and  is  a  joint  responsibility  of  a  combined 
Civilian/Serviceman  group.  Training  policy  is  set  by  the 
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Director  of  Training-Air  Force  while  validation  of  entrance 
tests  and  the  performance  evaluation  is  conducted  by 
Director  of  Psychology-Air  Force.  With  the  exception  of 
the  costing  activities,  these  activities  are  not  directly 
relevant  to  this  study,  and  are  only  mentioned  for  the  sake 
of  completeness. 


Strength  Management.  This  activity  is  mentioned 
last  as  it  is  the  coordinating  activity  for  the  majority  of 
the  foregoing.  Personnel  Officers  Manpower  Planning 
Requirements  is  a  cell  in  the  Personnel  Officers  Plans 
section  that  accepts  a  variety  of  inputs  from  various 
sources  and  integrates  data  to  provide  information  to 
interested  users,  both  within  and  outside  Personnel  Divi¬ 
sion.  The  Establishment  is  summarized  by  raiUc,  Branch, 
Category  and,  for  the  Royal  Australian  Air  Force,  targets 
are  determined  from  the  Authorized  Terminal  Strength, 
wastage  data  is  evaluated,  promotion  vacancies  calculated, 
and  recruiting  requirements  estimated.  The  information  is 
displayed  on  "operations  room”  type  wall  displays  £uid 
regular  reports  are  dispatched.  The  cell  provides  s^ff 
rather  than  command  advice.  A  few  of  the  activities  are 
automated  via  desk-top  computers;  however,  the  long  range 
planning  (over  five  years)  is  virtually  impossible  by 
manual  methods  because  of  the  large  number  of  varied>les 
requiring  simultaneous  consideration.  In  recent  times. 


computer  assistance  has  been  sought  to  assist  this  planning 
function.  This  study  develops  one  of  the  models  used  in 
the  planning  process.  A  full  description  of  the  model 
begins  in  Chapter  4. 


Experience  of  the  Author.  A  few  words  on  the 
author's  background  may  be  appropriate  at  this  point.  From 
January  1979  to  May  1981,  the  author  worked  in  the  Direc¬ 
torate  of  Personnel  Officers-Air  Force.  On  arrival,  there 
was  no  standard,  well  defined  method  of  strength  management, 
and  the  control  of  Officer  Corps  strength  was  suffering  as 
a  result.  As  a  direct  consequence,  the  author  was  assigned 
the  task  of  developing  a  strength  management  system  from 
"scratch."  At  this  time,  there  were  no  data  bases  spe¬ 
cifically  designed  for  this  function,  nor  were  the  methods 
of  strength  management  defined.  To  overcome  these  limita¬ 
tions,  a  considerable  amount  of  scientifically  based 
investigative  work  was  conducted,  because  effective  strength 
management  requires  a  detailed  knowledge  of  the  workings 
of  the  Royal  Australian  Air  Force  Personnel  Division,  as 
well  as  other  parts  of  the  Australian  Department  of  Defence. 
These  studies  were  documented  on  internal  Royal  Australian 
Air  Force  files  and  are  not  publically  available.  How¬ 
ever,  when  relevant,  the  author  will  identify  such  work 
with  the  reference  "Mills,  1979-81,"  as  already  shown. 
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Chapter  3 


LITERATURE  REVIEW 


Introduction 

In  this  chapter  a  brief  literature  review  is 
reported.  The  purpose  of  the  review  is  to  compare  the 
Royal  Australian  Air  Force  (RAAF)  Officer  Structure  (ROS) 
model  with  similar  work  being  done  in  other  areas,  if 
indeed  any  such  work  has  been  completed.  Completing  this 
exercise  allows  an  evaluation  of  the  worth  of  seeking 
advice  from  other  people  working  in  the  area,  with  the 
object  of  improving  the  model  without  "reinventing  the 
wheel"  or,  alternatively,  if  the  ROS  model  is  considered 
to  be  in  advance  of  work  done  elsewhere,  being  in  a  posi¬ 
tion  to  offer  advice,  if  requested.  Two  areas  of  interest 
were  researched — activity  in  the  military  and  civilian 
personnel  management  fields — and  each  of  these  studies 
will  be  reported  on  separately. 

Before  proceeding  with  the  review,  it  may  be 
appropriate  to  provide  a  very  brief  description  of  the 
ROS  model  so  that  this  description  may  be  held  in  mind 
when  other  work  is  being  described.  The  description  is 
as  follows: 


The  Royal  Australiaui  Air  Force  (RAAF)  Officer 
Structure  Model  (ROS)  is  a  computer  simulation  of  the 
RAAF  Personnel  Division  management  of  the  Officer 
Corps.  The  purpose  of  the  model  is  to  provide  RAAF 
planners  with  a  tool  to  develop  personnel  plans  and 
policy  to  support  RAAF  operations.  Given  the  long 
lead  time  needed  to  recruit  and  train  personnel  for 
particular  tasks,  plus  the  large  number  of  variedales 
that  impinge  on  personnel  management,  providing  com¬ 
puter  assistance  greatly  reduces  the  work  load  needed 
to  develop  plans,  and  integrates  the  experience  of 
RAAF  experts  from  the  diverse  areas  that  affect  the 
structure  of  the  Officer  Corps. 

The  model  is  sensitive  to  strategic  demands  for 
manpower  via  the  establishment  of  officer  positions 
that  may  v^ry  over  time.  The  RAAF  Officer  Corps  is 
divided  into  Branches  and  Categories  of  officers, 
and  each  Category  is  represented  in  the  model.  Start¬ 
ing  with  a  data  base  of  the  present  Officer  Corps, 
the  model  projects  the  Corps  into  the  future  by  simu¬ 
lating  the  activities  of  the  Personnel  Division  via 
the  policy  and  rules  that  govern  strength  management. 
All  significant  activities  are  modeled,  including 
attrition  of  officers,  growth  of  Categories,  promo¬ 
tion  from  one  rank  to  the  next,  and  recruiting  as  con¬ 
strained  by  training  and  other  limits.  Comprehensive 
report  generation  on  the  structure  of  the  model  dur¬ 
ing  the  sintulation  is  included,  and  the  model  is 
designed  to  run  interactively,  to  allow  the  operator 
to  have  some  dyneunic  control  over  the  progress  of  the 
simulation.  The  model  may  be  used  to  project  the 
Officer  Corps  for  as  many  years  as  desired,  ten  years 
is  a  practical  maximum.  The  simulation  is  written  in 
FORTRAN  77,  2md  runs  on  a  minicomputer. 

A  particular  strength  of  the  model  is  that  every 
officer  in  the  Service  is  modeled,  and  the  simulation 
treats  these  officers  in  the  same  way  as  does  the  RAAF 
Personnel  Division.  Thus,  assuming  the  data  supplied 
to  the  model  is  accurate,  the  projections,  at  least 
for  the  first  few  years  of  the  simulation,  should  show 
high  correspondence  with  the  "real  world"  events. 

Every  attenqpt  has  been  made  to  produce  this  element 
of  "isomorphism"  in  the  model  so  that  translation  of 
results  into  plans  is  not  required.  Some  of  the  model 
reports  are  in  the  identical  format  to  those  used  in 
the  manual  system,  further  reducing  the  requirement 
of  planning  personnel  to  interpret  the  results 
[Comments  of  Author] . 


Military  Manpower  Planning  Models 

To  identify  models  similar  to  ROS,  a  Defense  Logis¬ 
tics  Studies  Information  Exchange  (DLSIE)  search  was  under¬ 
taken,  using  the  search  keywords  relevant  to  the  activity 
and  purpose  of  the  ROS  model.  A  surprising  number  of 
models  appeared  in  the  information  retrieval,  some  105 
in  the  first  search,  and  38  in  the  second,  with  only  a 
few  models  appearing  in  both  searches.  Rather  than 
attes^t  to  msJce  comments  on  each  of  the  models,  only 
those  models  which  are  similar  to  the  ROS  model  will  be 
discussed.  The  extract  from  the  DLSIE  report  will  be 
reproduced,  then  comments  made  on  the  model  and,  finally, 
summary  comments  will  be  made. 


Department  of  the  Navy  "CEPASS"  Model.  The  CEPASS, 
"Civil  Engineer  Corps  Projected  Annual  Strength  Simula¬ 
tion"  model  has  the  following  function: 

The  CEPASS  progreun  computes  the  predicted  number 
of  CEC  officers  on  active  duty  for  a  period  up  to  ten 
years  in  the  future.  The  predicted  number  is  based 
on  the  beginning  number  as  modified  by  promotion, 
recruitment,  transfer,  retirement  policies,  statutory 
policies,  and  expected  voluntary  attrition.  An  indi¬ 
vidual  file  which  contains  the  grade,  promotion  status, 
source,  designator,  date  of  birth,  date  of  rank, 
active  duty  date,  and  active  commissioned  base  date 
is  maintained  on  each  officer.  Therefore,  in  any 
year,  it  is  possible  to  compute  summary  totals  of 
officers  by  grade,  number  of  years  of  active  service, 
number  of  years  of  commissioned  service,  time  in  grade, 
source,  and  designator.  Summaries  of  annual  attri¬ 
tion  are  also  made  for  each  category.  .  .  .  The  CEC 
Detail  Office  of  the  Bureau  of  Naval  Personnel 
develops  the  plan  for  CEC  officers.  When  the  plan  is 
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developed  using  hand  calculations/  consideradile  ledjor 
is  required/  and  the  evaluation  of  alternate  programs 
for  the  procurement/  promotion/  and  retention  is 
limited  because  of  time-consuming  computational 
requirements  [Department  of  the  Navy/  1981] . 

From  this  description/  it  would  appear  that  the  CEPASS 
model  is  very  similar  to  the  ROS  model  with  the  exception 
that  CEPASS  only  deals  with  one  section  of  the  Navy  Offi¬ 
cer  Corps /  and  the  response  of  the  model  to  changing  stra¬ 
tegic  inputs  is  not  defined. 


Department  of  the  Navy  "CIOM”  Model.  The  CIOM 
or  "Computerized  Input/Output  Model"  is  included  in  this 
review  because  of  its  similar  nature  to  the  RAAF  Force 
Variation  Model/  FORVAR/  a  strategic  planning  model  used 
to  provide  strategic  guidance  for  input  to  the  ROS  model. 
The  function  of  CIOM  is: 

This  computerized  input/output  model  user's  manual 
documents  a  series  of  interactive  con^uter  routines 
that  permit  the  assessment  of  the  intact  of  changes 
of  fleet  structure  on  shore  support  activities'  work 
load  levels.  CIOM  has  three  major  segments  of  ana¬ 
lytical  routines:  final  demand  (modification/  computa¬ 
tion/  and  documentation) ;  a  linear  program  solution; 
and  report  generation.  Emphasis  is  placed  oi;  final 
demcuid  because  it  is  the  vehicle  for  changing  fleet 
characteristics  (size/  miX/  operating  tempo)  and  test¬ 
ing  scenarios  based  on  these  changes.  CIOM  was 
designed  in  a  totally  conversational  mode  to  facili¬ 
tate  modifications  €uid  to  minimize  the  knowledge  of 
con^uter  systems  required  by  the  user  [Department  of 
the  Navy/  1982] . 


This  description  indicated  that  CIOM  and  FORVAR  have  very 
similar  functions/  although  no  linkages  between  CIOM  and 


other  models  are  Indicated,  as  is  the  case  between  FORVAR 
and  ROS. 


Department  of  the  Air  Force  Model  "TOPLINE".  A 
description  of  the  TOPLINE  or  "Total  Officer  Personnel 
Objective  Structure  for  the  Line  Officer  Force"  shows 
that  it  has  the  following  function: 

The  TOPLINE  static  flow  model  produces  covmts  of 
officers  classified  by  coa^nent  (Air  Force  Academy, 
Contract,  Regular,  Reserve),  rating,  grade,  and  year 
of  service,  as  well  as  ted>les  of  "career  flow"  that 
allow  one  to  see  the  flows  into  and  out  of  each  grade 
by  year  resulting  from  promotion,  augmentation,  and 
retirement.  The  TOPLINE  model  assumes  that  the  number 
of  officers  in  each  classification  and  the  flows 
between  the  classifications  remain  constant  from  year 
to  year.  Input  veuriables  include  yearly  inputs  of 
Academy  graduates  and  contract  officers,  retention 
rates,  parameters  describing  the  promotion  process, 
and  totals  of  officers,  regular  officers,  pilots,  and 
navigators.  The  RAND  version  presented  here  was 
derived  from  the  Air  Force's  original;  however,  with 
some  modifications,  such  as  changes  in  mathematical 
techniques  employed  and  the  addition  of  the  new  sec-> 
tion  on  "career  flow,"  have  been  made.  This  report 
describes  the  mathematical  structure  of  the  model  and 
its  inputs  and  outputs.  It  also  describes  the  RAND 
FORTRAN  version  [Department  of  the  Air  Force,  1977b] . 

From  this  description,  it  would  appear  that  the  model  runs 

in  the  reverse  direction  of  the  ROS  model,  in  the  sense 

that  inputs  are  provided  and  the  outputs  produced,  rather 

than  in  the  ROS  model,  where  the  model  generates  its  own 

inputs  in  accordance  with  strategically  generated  demands. 

A  second  difference  is  that  TOPLINE  classifies  officers 

by  component  (e.g.,  regular,  contract)  rather  than  by 

function  as  is  done  in  the  ROS  simulation. 


Department  of  the  Air  Force  Constrained  Officer 
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Force  Progression  Model.  This  model  is  described  as 
follows : 


The  model  is  one  of  a  set  of  computer  based  models 
designed  to  provide  personnel  planners  with  broadly 
based  aggregated  data  and  detailed  officer  inventories 
euid  flows  reflecting  the  effects  of  policies  and  con¬ 
ditions  under  investigation.  Air  Force  personnel 
planners  often  face  policy  alternatives  that  lead  to 
changes  in  the  size  of  the  officer  force,  the  rated 
officer  force,  accessions,  training  rates,  loss  rates, 
promotion  policies,  or  augmentation  opportiinities. 

When  the  planner  inputs  these  alternatives  into  the 
constraints  model,  the  model  then  estimates  the 
effects  of  these  changes  on  the  number  of  officers 
who  are  lost,  promoted,  augmented,  or  vdio  are  other¬ 
wise  changing  from  one  state  to  pother.  The  report 
presents  several  highly  simplified  numerical  examples 
and  compares  this  model  with  other  models  in  the  set. 

Seven  types  of  data  are  required  by  the  con¬ 
straints  model,  the  first  five  of  which — accessions, 
promotion  parameters,  loss,  rating  transfer,  and  aug¬ 
mentation  rates — are  almost  identical  to  the  progres¬ 
sion  model's  inputs.  Two  additional  types  of  input 
data  are  required  by  the  constraints  model:  manpower 
data — manpower  requirements  that  can  be  imposed  on  the 
officer  force  (i.e.,  the  total  size  of  the  officer 
force;  the  wartime  pilot  and  navigator  requirements; 
and  the  desired  size  of  the  regular  force) ;  and  career 
reserve  requirements  data. 

The  constraints  model  produces  several  types  of 
output  reports  that  present  the  officer  structure  and 
flows  between  officer  states  from  both  a  very  detailed 
and  highly  aggregated  perspective.  In  addition,  if 
requested  by  the  user,  the  model  prints  the  results 
of  each  iteration  whenever  iterative  model  logic  is 
involved,  as  well  as  a  record  of  adjusted  loss,  rating 
transfer,  and  augmentation  rates  [Department  of  the 
Air  Force,  1977a] . 

This  model  seems  very  similar  in  scope  and  use  to  the  ROS 

model. 
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Department  of  the  Navy  0PM  Model.  The  Navy  0PM 
or  "Officer  Projection  Model"  seems  to  be  more  general 
than  the  Navy  models  described  above,  with  a  function 
similar  to  the  Air  Force  model  described  in  the  previous 
pcuragraph  and  the  RAAF  ROS  model.  Of  all  the  model 
descriptions  retrieved  by  the  DLSIE  search,  the  0PM  model 
seems  to  be  the  most  simileu:  to  the  ROS  model.  The  DLSIE 
description  follows: 

The  officer  projection  model  (0PM)  projects  the 
flow  of  officers  through  the  ranks  of  the  US  Navy. 

It  projects  an  initial  officer  inventory  (character¬ 
ized  by  length  of  service,  grade,  and  promotion  status) 
in  yearly  increments,  accounting  for  attrition,  pro¬ 
motion,  legal  constraints  (Title  10  of  the  U.S.  Code), 
and  such  management  policies  as  minimum  accession 
requirements  and  end  strength  targets.  It  is  devoted 
especially  to  simulating  the  Navy's  officer  promotion 
system,  and  provides  several  options  which  consider 
the  interactions  of  flow  point,  promotion  rate  zone 
size,  grade  structure  and  end  strength,  and  early  and 
late  selection.  The  0PM  will  also  compute  annual  com¬ 
pensation,  separation  pay,  retirement  pay,  and  the 
present  value  of  retirement  pay  for  the  remaining  life 
expectancy  of  projected  retirees.  The  model  provides 
management  with  a  tool  for  evaluating  alternative  pro¬ 
motion  policies  and  retirement  proposals,  and  for 
studying  the  interactions  of  officer  end  strengths, 
promotions,  and  accessions,  and  the  cost  of  changes 
in  longevity  and  grade  structure.  The  users  guide. 
Volume  I,  describes  the  Navy's  officer  system  and  the 
model  and  discusses  the  data  and  policy  variables  to  be 
specified  by  the  user.  Volume  II,  the  programmers 
guide,  provides  a  detailed  explanation  of  the  computer 
coding  as  em  aid  to  changing,  and  making  special 
adaptions  to  the  model  [Department  of  the  Navy,  1977] . 


Conclusions.  Only  a  few  of  the  models  retrieved 
by  the  DLSIE  search  have  been  described  here,  although 
those  that  have  been  described  are  the  only  ones  which  have 


a  reasonable  degree  of  similarity  to  either  the  RAAF 
FORVAR  or  ROS  models.  However,  the  large  number  of  models 
described  shows  that  the  U.S.  Armed  Services  are  very 
active  in  the  modeling  field,  with  the  U.S.  Navy  probeUsly 
being  the  most  active.  Generally,  the  models  seem  to 
focus  on  some  (relatively  small)  aspect  of  the  personnel 
resource  meuiagement  problem;  only  a  few  of  the  models 
provide  a  con^rehensive  overview  similar  to  that  provided 
by  the  RAAF  ROS  model.  Nevertheless,  much  similar  work 
is  being  done,  and  possibly  some  benefit  would  be  gained 
by  the  information  interchange  facility  offered  by  DLSIE, 
or  by  exchange  of  personnel  in  the  modeling  communities. 


Civilian  Manpower  Planning  Models 


resource,  affected  by  many  variables,  and  that  requires 
careful,  long-range  planning  if  manpower  resource  crises 
are  to  be  avoided.  Even  with  this  expanded  search  cri¬ 
teria,  little  directly  relevant  literature  on  the  subject 
was  found,  as  the  subsequent  reviews  show.  As  a  comment, 
contemporary  civilian  literature  seems  to  concentrate  on 
the  manager's  relationship  to  his  workplace,  and  his 
consequent  behavior,  rather  than  treating  manpower  as  a 
"macro"  resource  which  can  be  managed  using  techniques 
found  in  other  fields  of  endeavor.  Examples  of  those  few 
articles  that  meet  the  review  criteria  are  presented 
below. 


"Towards  a  Stochastic  Model  of  Managerial  Careers," 
Vroom  and  MacCriroroon,  1966.  This  article  is  included  to 
demonstrate  some  of  the  (relatively)  early  thinking  on  the 
subject  of  manpower  planning.  The  focus  of  the  article  is 
on  the  movement  of  managers  from  one  position  or  "state" 
to  another.  Such  movements  may  be  to  different  jobs  at 
the  same  level,  promotions,  or  an  exit  from  the  organiza¬ 
tion.  The  authors  make  two  assumptions  ed>out  the  movements; 
firstly,  the  probability  of  movement  from  one  state  to 
another  can  be  measured  from  past  events  with  this  proba¬ 
bility  remaining  constant,  and  that  the  probeUsility  of  a 
change  of  state  only  depends  on  the  current  state.  Making 
these  two  assumptions  is  very  convenient,  since  it  allows 
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a  Markov  analysis  to  be  made.  For  a  discussion  of  Markov 
analysis  techniques,  see  Burnick  et  al.  (1977).  The 
method  creates  a  matrix  of  probabilities  of  movement  from 
one  state  to  each  other  state  represented  in  the  model, 
and  with  matrix  manipulation  techniques,  the  probability 
of  movement  from  the  present  state  to  some  other  state 
after  a  given  period  of  time  C2ui  be  calculated.  A  slight 
extension  of  the  method  allows  the  estimation  of  the 
niunber  needed  to  maintain  the  strength  of  a  group  repre¬ 
sented  in  the  model,  hence  the  potential  for  use  in  man¬ 
power  planning.  The  method  is  simple  and  straightforward 
and  would  provide  a  convenient  method  of  planning  if  the 
basic  assumptions  hold.  Regretably,  they  do  not.  Firstly 
the  probability  of  moving  from  one  state  to  another 
depends  on  many  factors  vdiich  usually  change  over  time. 

An  exaiiq)le  in  a  civilian  organization  would  be  a  chcuige  in 
economic  conditions;  such  changes  can  greatly  change  the 
probability  of  promotion  or  exit.  Secondly,  the  assump¬ 
tion  that  previous  states  are  irrelevant  may  not  hold. 

An  example  would  be  promotion  of  personnel  based  on. the 
breadth  of  experience;  here,  job  history  could  change 
promotion  prob^d>ility .  An  assessment  of  this  technique 
for  manpower  planning  is  that  it  is  not  useful,  since  it 
is  too  simplistic  and  does  not  take  account  of  the 
dynamic  nature  of  organizations.  The  article  does,  though 


show  an  awareness  that  analytical  methods  can  be  useful 
to  assist  manpower  planning. 


"A  Model  for  Understemding  Management  Manpower; 
Forecasting  and  Planning#"  Deckard  and  Lessey,  1975.  In 
this  article,  the  authors  identify  the  purpose  of  mempower 
as  being  a  tool  to  assist  the  organization  to  achieve  its 
goals  through  numagement  of  the  manpower  resource.  The 
elements  needed  to  create  this  tool  are  then  described. 

The  first  steps  are  to  identify  linkages  that  affect  the 
demand  for  and  supply  of  mcinpower.  Next,  uncontrolled 
and  controlled  varicUsles  are  separated.  Finally,  a  simple 
control  system  is  proposed.  Incorporated  in  the  control 
system  are  the  functions  of  manpower  forecasting  and  mem¬ 
power  planning.  Although  this  article  should  be  classi¬ 
fied  as  theoretical  rather  than  practical,  since  the 
article  proposes  a  method  of  manpower  resource  management 
rather  than  describes  work  actually  done,  it  is  interesting 
in  that  it  identifies  the  main  elements  that  must  be  con¬ 
sidered  before  a  useful  working  model  can  be  constmicted . 
Perhaps  the  value  to  be  gained  from  this  article  is  an 
understanding  that  both  military  and  civilian  manpower 
resource  mcmagement  rests  on  the  same  theoretical  basis. 

"Computer  Simulation;  A  Training  Tool  for  Manpower 
Managers,"  Mahoney  and  Milkovich,  1975.  A  quotation  from 
this  article  may  be  of  interest.  The  authors  state: 


Manpower  plauining  appears  to  be  one  of  the  newest 
and  most  rapidly  growing  topics  in  personnel  planning. 
.  .  .  While  manpower  planning  is  a  much  used  term,  it 
is  not  well  understood  or  appropriately  applied.  .  .  . 
Subsequently,  most  managers  tend  to  develop  personnel 
policies  and  m2Uce  personnel  decisions  related  to 
separate  functional  areas,  thus  overlooking  the  essen¬ 
tial  inter-relatedness  of  these  personnel  decisions 
to  the  firm's  profit  and  other  goals.  .  .  .  Concepts 
of  system  models  and  system  analysis  suggest  a  way  of 
developing  an  integrated  fraunework  for  the  analysis 
of  manpower  and  management  decisions.  .  .  .  Systems 
models  specifying  the  essential  components  and  inter¬ 
relationships  permit  one  to  analyze  key  elements  of 
the  system  and  to  auialyze  the  interaction  eunong  these 
elements  and  the  decision  making  objectives. 

The  authors  then  proceed  to  describe  a  computer  simulation 
of  a  personnel  system  developed  to  be  used  as  a  training 
aid.  Both  students  and  professional  personnel  managers 
have  used  the  simulation  with,  the  authors  claim,  positive 
results.  They  suggest  the  simulation  could  be  also  used 
to  evaluate  testing  analytical  techniques  such  as  manpower 
forecasting,  cost  analyses,  emd  operations  research  deci¬ 
sion  models.  Curiously,  they  do  not  suggest  the  use  of 
the  model  as  part  of  the  "real"  manpower  resource  manage¬ 
ment  system.  However,  the  article  shows  that  some  simula¬ 
tion  work  has  been  done,  and  the  raison  d'etre  quoted 
ediove  shows  a  clear  understanding  of  the  planning  and 
control  issues  in  the  problem  of  manpower  resource  manage¬ 
ment. 


"How  One  Company  Manages  its  Human  Resources," 
Bright,  1976.  In  this  final  article  of  the  review  of 
civilian  manpower  resource  management  methods,  the  method 


used  by  the  Union  Oil  Con^any  to  manage  the  careers  of  its 
top  executives  is  described.  The  author  in£Uces  the  point 
early  in  the  article,  that  \mtll  quite  recently,  hvunan 
resource  planning  was  considered  to  be  relatively  unin^r- 
tant,  but  after  a  number  of  crises,  new  methods  aimed  at 
eliminating  such  costly  situations  were  introduced.  He 
also  reports  that  the  company  attempted  to  find  a  solution 
to  their  problems  but  were  unsuccessful  because  of  the 
paucity  of  work  being  done  in  the  area.  Bright  identifies 
five  necessary  elements  of  the  human  resource  management 
system:  access  to  data,  a  way  to  look  into  the  future, 
estimating  future  recruiting  needs,  succession  planning, 
and  translation  of  output  per  employee  into  operating 
goals.  A  number  of  computer  programs  designed  to  fulfill 
these  needs  are  identified.  The  author  summarizes  the  use 
of  the  models  as  follows: 

Used  independently,  these  five  instmments  of 
human  resource  planning  supplied  useful  information  to 
the  management  and  staff  of  Union  Oil's  departments 
and  divisions.  When  they  saw  major  storm  signals,  it 
was  possible  to  get  an  audience  with  the  executive 
committee,  one  that  usually  resulted  in  appropriate 
remedial  action . 

Human  resource  planning  did  not  begin  to  approach 
its  optimal  impact  upon  the  organization,  however, 
until  it  came  to  be  thought  of  as  another  dimension 
of  corporate  planning. 

This  statement,  plus  the  preceding  description,  shows 
that  the  Union  Oil  Company  has  a  sound  understemding  of 
the  value  of  manpower  resource  management,  and  uses  a 


number  of  simulation  models  to  achieve  the  desired  level 
of  control.  It  is  not  clear  from  the  article  whether  a 
comprehensive  model  such  as  ROS  is  used. 

Conclusions 

The  most  striking  issue  in  the  literature  review 
is  the  tremendous  disparity  in  manpower  resource  manage¬ 
ment  (as  assisted  by  a  comprehensive  computer  simulation) 
between  the  military  and  civilian  communities.  Such  model 
ing  in  the  military  is  well  advanced,  and  many  of  the 
models  are  essentially  similar,  despite  the  geographic  dis¬ 
tance  between  the  developers  (e.g.,  the  U.S.  Navy  and  RAAF 
ROS  models) .  Judging  from  the  articles  published  in  the 
relevant  journals,  such  work  in  the  civilian  community  is 
still  in  its  infsmcy,  although  the  issues  seem  to  be  well 
understood . 

One  can  only  speculate  on  the  reasons  for  this 
disparity.  Perhaps  the  work  is  being  done,  but  the  lack 
of  a  formal  reporting  system,  such  as  DLSIE,  makes  the 
infoimation  on  this  work  inaccessible.  Given  the  highly 
active  publication  rate  in  the  professional  journals,  this 
is  not  considered  likely.  A  second  reason  could  be  that, 
given  a  profit  motive,  civilian  organizations  consider 
such  work  would  not  be  cost  effective.  However,  given  the 
large  amount  of  resources  that  manpower  edjsorbs,  this 
explanation  is  also  considered  unlikely. 


The  author's  opinion  about  the  difference  is  as 
follows.  The  Armed  Services  are  "high  technology”  organi¬ 
zations,  and  computer  simulation  techniques  have  been  used 
for  many  years  (e.g.,  in  weapons  development).  Given  the 
technology,  many  analysts  in  the  Services  realized  that 
simulation  techniques  are  applicable  to  many  classes  of 
problems,  manpower  resource  m2uiagement  being  one  of  them. 
This  transfer  of  technology  was  certainly  a  factor  in  the 
development  of  the  RAAF  ROS  model  (see  Chapter  5) . 
Furthermore,  the  rules  governing  changes  of  state  that 
can  affect  an  individual  in  the  Services  are  often  well 
defined  (e.g.,  by  orders  or  regulations)  which  simplifies 
model  construction.  Finally,  the  Services  are  usually 
large  in  comparison  with  most  con^anies,  thus  investment 
in  modeling,  which  can  be  quite  expensive,  can  be  justified 
on  the  basis  of  the  number  of  personnel  to  be  managed  with 
the  aid  of  the  model. 

The  evaluation  of  the  author,  based  on  the  litera¬ 
ture  reviewed,  is  that  the  military  is  several  years  2diead 
of  the  civilian  community  in  the  use  of  computer  models 
vrtiich  are  tools  in  the  manpower  resource  management  pro¬ 
cess.  However,  there  are  signs  of  a  growing  awareness  in 
the  civilian  community  of  the  issues  of,  and  techniques 
for,  manpower  resource  management.  When  these  necessary 
factors  become  more  developed,  more  widespread  use  of  corn- 
computer  simulations  as  a  tool  to  human  resource  management 
can  be  expected. 
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Chapter  4 


COMPUTER  ASSISTED  STRENGTH  MANAGEMENT 

Introduction 

In  Chapter  2,  the  functioning  of  the  Royal 
Australian  Air  Force  (RAAF)  personnel  system  (as  pertain¬ 
ing  to  strength  management)  was  described.  The  picture 
that  emerges  is  a  complex,  multivariate  problem  requiring 
a  systematic  solution  with  inputs  from  many  parts  of  the 
organization,  both  internal  and  external  to  the  Personnel 
Division. 

One  of  the  problems  outlined  was  a  shortfall  of 
manpower  below  that  required  to  conqplete  all  assigned 
tasks.  As  a  direct  consequence,  manpower  saving  tech¬ 
niques  are  used  wherever  possible  throughout  the  Royal 
Australian  Air  Force.  Exan^les  are  extensive  use  of  com¬ 
puters  in  the  personnel,  supply  and  maintenance  activities 
of  the  Air  Force.  Personnel  Division  was  the  first  ele¬ 
ment  of  the  Royal  Australian  Air  Force  to  introduce  com¬ 
prehensive  manpower  saving  techniques,  introducing  a  com¬ 
puterized  personnel  and  pay  system.  (In  fact,  this  was 
the  first  such  system  in  Australia,  being  introduced  in 
late  1963.)  As  a  result  of  shortages  of  manpower,  only 
essential  tasks  are  undertaken  and,  as  is  often  the  case 
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in  such  situations,  often  the  day-to-day  crises  are 
serviced  at  the  expense  of  long  term  plauming.  Regrettably 
such  an  approach  can  lead  to  an  increased  ntunber  of 
crises  at  a  later  time,  requiring  even  more  manpower. 

This  approach  to  management  can  become  a  vicious  circle 
and  once  begun  is  difficult  to  break. 

One  solution  is  to  greatly  reduce  the  time  needed 
for  long  range  planning.  Much  of  the  planning  requires 
large  amounts  of  tedious  (if  simple)  arithmetic.  Conse¬ 
quently,  the  con^utational  burden  can  be  greatly  eased  by 
automating  the  planning  process.  This  is  the  approach  that 
has  been  taken  in  recent  years.  Computer  models  and  simu¬ 
lations  have  ween  developed  to  assist  the  planning  process. 
Such  assist£uice  now  allows  planners  to  develop  plans  in  a 
way  that  could  not  have  been  contemplated  using  manual 
methods.  For  example,  the  process  of  calculating  targets 
from  the  Authorized  Terminal  Strength  described  previously 
takes  two  people  about  four  hours  to  complete  accurately; 
the  conqputer  in^lementation  of  the  RAAF  Officer  Structure 
model  mentioned  in  the  next  paragraph  only  takes  a  few 
seconds  to  confute  and  print  the  allocation  teible. 

The  Royal  Australian  Air  Force  is  now  using  two 
models  to  assist  planning.  Both  are  written  in  the  com¬ 
puter  language  FORTRAN,  as  specific  requirements  for  each 
precludes  the  use  of  a  simulation  language.  The  models, 
RAAF  Force  Variation  Model  (FORVAR  from  FORce  VARiation) , 


and  ROS  (RAAF  Officer  Structure),  are  used  in  a  hierarchy; 
the  RAAF  Force  Variation  Model  is  used  as  a  "macro"  model 
to  examine  changes  in  the  strategic  situation  while  the 
RAAF  Officer  Structure  Model  ROS  is  a  "micro"  model  which 
takes  the  output  of  FORVAR  and  determines  whether  the 
changes  demanded  by  the  model  are  feasible,  given  present 
and  anticipated  states  of  the  Officer  Corps. 

Caveat .  Before  describing  the  models  in  some 
detail,  an  important  caveat  should  be  recorded.  Most 
organizations  (at  least  those  that  survive)  are  faced  with 
a  continually  changing  environment  and,  consequently,  most 
continually  change  to  adapt  to  the  new  environment.  Often, 
then,  current  procedures  are  based  on  a  combination  of 
past  methods  and  new  methods  introduced  to  meet  new  prob¬ 
lems;  coiQ)letely  scrapping  old  procedures  and  introducing 
new  ones  is  the  exception  rather  than  the  rule.  A  good 
model  should  reflect  the  current  procedures;  however,  the 
analyst  responsible  for  the  model  must  be  ready  to  adapt 
the  model  to  make  changes  as  the  parent  orgemization 
adapts  to  its  changing  environment.  In  this  study,  every 
attenqpt  has  been  made  to  produce  a  model  of  the  Royal 
Australian  Air  Force  Officer  Corps  that  exactly  mirrors 
the  actual  processes  that  tedce  place  in  the  personnel 
division.  The  present  model  has  been  developed  itera¬ 
tively  towards  this  goal.  At  the  opening  paragraph  of  the 
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study,  the  RAAF  Officer  Structure  model  was  described  as 
being  "isomorphic,"  meaning  "of  like  or  identical  form 
[Schoderbek,  Schoderbek,  and  Kefalas,  1981:31]."  The 
caveat  that  arises  from  this  discussion  is  that  the  models 
are  only  relevant  while  they  are  maintained  to  retain  the 
"isomorphic"  characteristic.  The  corollary  that  follows 
is  that  continuous  maintenance  of  both  the  data  input  and 
the  simulation  code  is  required  if  the  models  are  to  retain 
their  usefulness. 

RAAF  Force  Variation  Model  (FORVAR) 

FORVAR  is  an  "input-output"  model  designed  to 
determine  ch2mges  in  manpower  requirements  resulting  from 
a  change  in  operational  requirements.  The  description  of 
the  model  is  contained  in  Hole,  Pringle,  and  Smith  (1979) . 
For  example,  if  the  strategic  assessment  calls  for  a 
doubling  of  maritime  air  patrols,,  the  change  in  manpower 
in  the  front  line  maritime  squadrons  could  be  determined 
by  Director  of  Organization  and  Establishment-Air  Force 
and  operational  personnel.  A  typical  change  could  be 
that  a  dovibling  of  patrol  time  could  (say)  require  an 
increase  in  manpower  by  a  factor  of  about  1.6  in  the  mari¬ 
time  squadrons. 

The  difficulty  that  arises  from  this  situation  is 


that  the  consequent  effects  on  the  support  units  are  diffi¬ 
cult  to  determine.  FORVAR  copes  ^'/ith  this  problem  by 


using  matrix  manipulation  methods  to  determine  the  effects 
of  a  size  change  of  an  "operational"  or  "front  line"  unit. 
An  N  X  N  matrix  of  N  units  is  constructed  in  which  each 
unit  is  represented  by  one  row  and  column.  Across  each 
row,  the  fraction  of  support  each  unit  gives  each  other 
unit  of  the  RAAF  is  recorded.  (Support  for  external  agen¬ 
cies  such  as  the  other  Services,  Civil  Defence,  etc.  is 
also  recorded.)  Self  support  is  included  at  the  intersec¬ 
tion  of  the  unit's  row  and  column.  Using  matrix  manipula¬ 
tion  techniques,  a  change  in  strength  of  an  operational 
unit  can  be  made  to  "ripple"  through  the  system,  making 
changes  to  each  other  unit  that  supports  it.  As,  say,  a 
unit  that  supports  a  maritime  squadron  is  changed,  the 
units  that  support  that  unit  are  in  turn  changed.  Although 
the  changes  may  appear  to  be  an  infinite  series,  matrix 
manipulation  allows  the  changes  to  be  determined  in  a 
single  step.  The  final  result  is  a  sequence  of  factors  to 
multiply  each  unit  by  to  get  the  required  change  resulting 
from  the  variation  in  size  of  the  operational  unit.  A  full 
description  of  this  technique  is  contained  in  the  above 
reference  to  FORVAR. 

FORVAR  contains  a  second  tcdsle  vdiich  records  the 
number  of  personnel  in  each  Officer  Category  and  Airman 
Mustering  for  each  unit  in  the  Royal  Australian  Air  Force. 
(A  "Mustering"  is  a  description  of  a  group  of  airmen  who 
have  similar  skills,  e.g.^  "Instrument  Fitter.")  The 


47 


elements  of  this  table  are  multiplied  by  the  factor  deter¬ 
mined  in  the  step  above.  New  numbers  in  each  Category  and 
Mustering  can  now  be  totaled.  Subtraction  of  the  original 
numbers  yields  the  net  change  for  each  Category  and  Muster¬ 
ing. 

Validation  is  always  an  important  aspect  of  models 
such  as  FORVAR.  Provided  the  total  manpower  change  is 
restricted  to  15  to  20  percent  of  the  present  RAAF  strength, 
the  model  gives  a  realistic  guide  to  the  effects  of  a 
change  to  an  operational  unit.  Beyond  this  range,  econo¬ 
mies  of  scale  and  possible  requirements  for  a  different 
organization  may  reduce  the  accuracy  of  the  model.  The 
"useable  range"  of  the  model  is  still  in  doubt;  since  the 
latest  version  of  the  model  has  been  introduced,  the  Royal 
Australian  Air  Force  has  not  undergone  any  substantial 
strength  changes  and,  consequently,  the  opportunity  to 
validate  the  model  against  "real  world”  data  has  been 
denied.  The  validations  carried  out  so  far  are  effec¬ 
tively  a  combination  of  synthetic  validity  and  construct 
validity.  For  a  discussion  of  these  validity  concepts, 
see  Stone,  1978:51-57, 

Although  the  validity  issue  has  yet  to  be  resolved, 
runs  carried  out  to  date  show  that  the  FORVAR  model  gives 
a  worthwhile  "rough  cut"  approach  to  planning  that  seems 
to  be  "believeUsle"  when  viewed  by  people  experienced  in 
the  field  and  that  are  consequently  useable  for  planning 


48 


purposes.  Note  that  the  FORVAR  model  deals  with  the  Royal 
Australian  Air  Force  tasks  to  Royal  Australian  Air  Force 
Establishment  links  as  shown  in  Figure  1.1.  Model  predic¬ 
tions  can  be  taken  by  the  Directorate  of  Organization  and 
Estcd)lishment-Air  Force  personnel  emd  translated  into 
establishment  variations  for  each  Category  by  rank  and  by 
time.  (Changes  in  an  input-output  model  are  of  necessity 
of  the  "step"  variety  and  do  not  give  a  direct  indication 
of  the  time  required  to  achieve  the  change.)  These  esteUs- 
lishment  variations  can  then  be  passed  to  the  RAAF  Officer 
Structure  model  for  micro  examination. 

RAAF  Officer  Structure  Model  (ROS) 

Model  Type.  ROS  is  essentially  an  "accession" 
model,  in  that  it  examines  the  progress  of  an  officer 
(each  officer,  in  fact)  through  the  Officer  Corps  on  a 
year-by-year  basis.  Since  a  detailed  description  of  the 
model  is  provided  in  Chapter  5,  only  a  resume  is  provided 
here. 

The  ROS  model  requires  a  number  of  data  inputs  to 
function.  From  the  personnel  computer  data  base,  initial 
parcuneters  are  obtained  for  each  serving  officer  and  are 
stored  on  a  computer  disk  file.  Systems  data  (e.g.. 


wastage  rates ,  maximum  recruiting  rates ,  etc . )  are 
retained  on  another  file.  A  third  file  contains  the 
present  Establishment  and  Establishment  changes  for  each 


year  the  simulation  will  run.  The  person  running  the  model 
provides  (interactively)  the  Authorized  Terminal  Strength 
for  each  year. 


A  variety  of  outputs  is  available  from  the  model. 
The  Establishment  teJale  and  Authorized  Terminal  Strength 
are  combined  with  actual  strength  to  show  both  the  resource 
allocation  and  the  actual  or  expected  variation  from  the 
manpower  targets  determined  by  the  allocation  rules. 
Recruiting  shortfalls  are  identified.  A  number  of  tabula¬ 
tions  of  the  structure  can  be  made,  showing  such  items  as 
years  of  service,  changes  in  status  of  officers,  eligi¬ 
bility  for  promotion,  time  in  rank,  etc. 

The  model  runs  interactively,  with  a  "man  in  the 
loop."  This  allows  the  operator  at  each  time  step  to  view 
the  output  resulting  from  the  parameters  input  to  the  model 
then  iteratively  develop  the  best  subsequent  long  range 
plan  within  the  given  constraints.  Often,  mempower  chauiges 
needed  to  meet  tentative  operational  goals  may  be  shown 
to  be  infeasible. 

Iterative  Planning 

When  the  ROS  model  output  shows  an  operational 
goal  to  be  Infeasible,  Personnel  Division  planners  should 
first  ex£unine  the  parameters  of  the  ROS  model  to  determine 
if  a  change  could  eliminate  the  constraint  preventing  the 
operational  goal  from  being  achieved.  Should  this  prove  to 


be  the  case,  formal  requests  for  policy  or  resource 
changes  can  be  initiated,  with  reasons  for  the  change 
being  supported  by  the  model  output.  If,  however,  no 
changes  can  be  made  that  would  allow  the  operational  goal 
to  be  reached.  Air  Staff  are  then  advised  that  the  opera¬ 
tional  plan  is  infeasible  due  to  manpower  constraints. 

The  operational  plan  should  then  be  revised  by  changing 
either  the  time  span  or  the  scope  of  the  operational  change 
A  new  plan  can  subsequently  be  developed  emd  tested  for 
feasibility. 

The  real  advantage  of  this  type  of  planning  is  that 
closure  on  an  optimal  (and  of  course  feasible)  plan  can  be 
accomplished  in  a  few  days  to  a  few  weeks.  Such  "closed 
loop"  planning  is  infeasible  using  manual  methods,  simply 
because  of  the  number  of  calculations  involved.  The 
alternative  "open  loop"  manual  planning  has  a  far  greater 
risk  factor.  Although  both  planning  methods  can  contain 
error,  the  "open  loop"  method  does  not  use  all  of  the  avail 
able  information  to  make  projections  into  the  future,  and 
is  thus  likely  to  depart  from  feasibility  much  faster  than 
the  "closed  loop"  method.  This  situation  can  result  in 
the  Service  allocating  scarce  resources  to  an  infeasible 
plan,  then  having  to  abandon  the  plan  at  a  later  stage 
when  infeasibility  resulting  from  an  unevaluated  constraint 
on  the  plan  becomes  evident.  Such  changes  can  lead  to 
consideraUale  waste. 


Thesis  Task 


Both  the  FORVAR  cuid  ROS  models  are  presently  being 
used  (although  at  a  fairly  "primitive"  level)  by  the  Royal 
Australian  Air  Force.  However,  neither  model  is  written 
in  ANSI  FORTRAN  code  2uid  ROS  has  not  been  documented. 
Personnel  Division  is  installing  a  new  computer  which  will 
be  provided  with  an  ANSI  FORTRAN  77  compiler.  At  present, 
ROS  does  not  have  the  capability  to  compute  salary  emd 
training  costs.  Accordingly,  the  task  of  this  thesis  is 
to: 

1.  convert  the  present  ROS  code  to  ANSI  standard 
FORTRAN  77  to  enhance  its  portability  between 
cbnputers ; 

2.  provide  a  capability  to  produce  tables  which 
detail  the  cost  of  salaries  and  training; 

3.  make  minor  changes  to  the  code  to  enhance  the 
usefulness  of  the  model; 

4.  show  the  internal  validation  of  the  model,  and 
suggest  methods  for  completing  external  valida 
tion ;  and 

5.  document  the  model,  including  an  operations 
manual  which  will  assist  the  transfer  of  the 
model  to  a  new  con^uter,  and  the  subsequent 
maintenance  of  the  model  as  a  planning  tool. 


Chapter  5 


RAAF  OFFICER  STRUCTURE  MODEL 

Introduction 

In  this  chapter,  the  Royal  Australian  Air  Force 
(RAAF)  Officer  Structure  (ROS)  model  is  discussed  in 
detail.  Sections  of  the  chapter  cover  the  history  of  the 
model,  the  type  of  model,  how  it  is  operated,  the  internal 
functioning  of  the  program,  and  outputs  available  from  the 
model. 

History 

Mcuipower  resource  modeling  has  been  undertaken  by 
the  Australian  Department  of  Defence  for  many  years.  The 
original  interest  in  simulation  modeling  was  an  outgrowth 
of  the  Weapons  Research  Establishment  where  simulation 
techniques  have  been  used  since  the  mid  1950s  to  develop 
weapons.  Staff  from  this  establishment  (now  called  the 
Defence  Research  Centre,  Salisbury) ,  were  part  of  the 
Defence  Scientific  and  Technology  Organization  and  filled 
staff  positions  when  the  Central  Studies  Estedjlishment  was 
formed  in  Canberra  in  the  early  1970s.  Originally  part  of 
the  Department  of  Supply,  Central  Studies  Establishment  is 
now  part  of  the  Analytical  Studies  Branch  of  Defence 
Science  and  Technology  Organization. 


The  Australian  Army  commissioned  Central  Studies 
Establishment  to  develop  the  first  manpower  models,  and 
these  were  completed  in  the  early  1970s.  In  1975  the  Royal 
Australian  Air  Force  tasked  Central  Studies  Ested>lishment 
to  develop  the  RAAF  Force  Variation  model  FORVAR  to  assist 
strategic  studies.  The  Royal  Australian  Navy  (RAN)  in 
1979  tasked  Central  Studies  Establishment  with  developing 
a  model  similar  to  the  present  RAAF  Officer  Structure  model 
to  assist  forecasting  officer  requirements  during  an  exten¬ 
sive  modernization  of  the  fleet. 

In  January  1979,  the  author  was  posted  to  the  plan¬ 
ning  section  of  the  Directorate  of  Personnel  Officers- 
Air  Force.  At  the  time,  there  were  no  formal  methods  of 
estimating  either  immediate  or  future  officer  requirements. 
Furthermore,  increasing  strength  shortfalls  below  manning 
targets  were  becoming  evident;  the  cause  was  a  combination 
of  inadequate  strength  memagement  methods  and  high  wastage 
rates.  During  a  reorganization  of  the  Directorate  of 
Personnel  Officers-Air  Force,  the  position  of  Manpower 
Planning  and  Requirements  (PONPR)  was  formed  to  gain  a 
better  control  over  strength  management.  A  wide  range  of 
associated  studies  was  conducted  (e.g.,  wastage  structure 
and  causes,  force  structure  analysis)  and  a  number  of 
data  bases  were  built  (e.g.,  wastage,  strength  on  particu¬ 
lar  dates) .  A  manual  system  of  strength  management  was 


developed,  using  "operations  room"  displays  to  facilitate 
the  dissemination  of  information. 

Some  simple  simulation  modeling  of  the  jfficer 
Corps  was  atten^ted,  using  a  desk-top  computer.  Although 
this  exercise  was  instructive,  the  models  created  fell 
short  of  meeting  forecasting  requirements  because  of 
irregularities  in  the  structure  of  the  Corps  (Mills, 
1979-81) .  The  most  serious  irregularity  is  the  "Vietnam 
hump,"  so  named  because  of  a  high  concentration  of  offi¬ 
cers  who  were  recruited  during  the  Vietneun  conflict. 

Large  concentrations  of  strength  cause  nonlinearities  that 
upset  sinple  models.  The  detail  required  a  processor 
larger  than  a  desk-top  computer;  to  allow  sufficient  speed 
and  size  at  least  a  "mini"  computer  was  needed.  To  pro¬ 
vide  these  capabilities.  Central  Studies  Establishment  was 
asked  to  develop  a. model  in  which  each  officer  was  repre¬ 
sented.  Going  to  this  level  of  detail  was  thought  neces¬ 
sary  to  overcome  the  structural  irregularity  problem. 
Examination  of  the  model  being  used  by  the  Royal  Australian 
Navy  revealed  that  it  would  be  suitable  for  the  Royal 
Australian  Air  Force's  purpose;  furthermore,  it  could  be 
made  to  interface  with  FORVAR,  such  that  the  output  from 
FORVAR  would  become  an  input  to  ROS. 

Since  late  1979,  ROS  has  been  continually  improved. 
Considerable  reprogramming  work  was  necessary  to  produce  a 
model  that  represented  the  procedures  used  within  the  Royal 


Australian  Air  Force,  as  there  are  substantial  differences 
between  each  of  the  Armed  Services  of  the  Australian 
Defence  Fo^^oes;  e.g.,  the  structure  of  the  Corps,  resource 
allocation,  promotion  practices,  and  recruiting.  Despite 
the  high  programming  workload,,  the  basic  structure  of  the 
extant  model  saved  considerable  development  time,  par¬ 
ticularly  in  the  conceptualizing  phase.  The  ROS  model  was 
developed  iteratively;  the  Central  Studies  Ested>lishment 
analyst/programner  worked  closely  with  the  author  to  make 
the  model  match  the  actual  operation  of  Personnel  Division 
and  the  Directorate  of  Organization  and  Establishment- 
Air  Force,  as  closely  as  possible.  While  manual  strength 
management  methods  were  being  developed,  the  ROS  model  was 
evolving  in  parallel.  An  acceptable  version  was  demon¬ 
strated  in  April  1981,  just  before  the  author's  departure 
to  the  United  States  to  underteUce  the  Air  Force  Institute 
of  Technology  course.  Only  brief  and  draft  documentation 
was  consisted.  Moreover,  interest  was  building  in  the  cost 
of  the  Officer  Corps;  this  module  was  considered  the  next 
capcUdility  which  should  be  added  to  the  model. 

Model  Type,  Language,  and 
Operating  Philosophy 

Type.  ROS  is  an  isomorphic,  discrete,  time  step¬ 
ping,  "accession"  model.  Isomorphism  has  been  discussed 
in  Chapter  4;  every  attempt  has  been  made  to  have  the  model 
process  the  individual  members  in  the  data  base  in  the  same 


way  that  the  Personnel  Division  actually  processes  its 
officers.  (More  will  be  said  on  the  isomorphic  properties 
of  the  model  at  the  conclusion  of  the  chapter.)  Every 
officer  in  the  Corps  is  modeled.  A  time  step  of  one  year 
is  used,  and  during  each  year  an  officer  may  leave  the 
service,  be  promoted  or  remain  unchanged.  The  number  of 
time  steps  is  set  by  the  data  files;  at  present  the  model 
may  be  advamced  by  ten  years.  New  officer  recruits  are 
created  when  necessary.  Thus,  the  model  is  discrete  in 
both  its  time  step  and  in  the  treatment  of  individuals. 

The  "accession"  description  comes  from  the  movement  of 
officers;  the  Service  is  modeled  as  a  hierarchy  of  seven 
r2mks  from  Flying  Officer  to  Air  Vice  Marshal,  with  offi¬ 
cers  moving  from  the  lowest  to  the  highest,  but  never  in 
reverse . 

Choice  of  Languages.  ROS  was  written  in  FORTRAN, 
but  the  code  did  not  fully  cosily  with  American  National 
Standard  Institute  (ANSI) — 1977  FORTRAN  standards.  FORTRAN 
was  chosen  for  several  reasons.  Firstly,  the  language  was 
readily  available  and  the  compiled  code  would  execute 
rapidly  (in  con^arison  to,  say,  interpreted  BASIC) . 
Secondly,  FORTRAN  was  already  being  used  in  the  source 
Royal  Australian  Navy  model  (thus  creating  a  historic 
inoperative)  .  Thirdly,  simulation  languages  were  con¬ 


sidered,  but  rejected,  because  they  were  not  readily 


available  on  the  new  Personnel  Division  computer  and  did 
not  provide  the  flexibility  to  model  the  often  heuris- 


tically  developed  Royal  Australian  Air  Force  procedures, 
nor  could  they  provide  the  highly  formatted  and  detailed 
output  available  in  a  general  purpose  language.  In  addi¬ 
tion,  simulation  leuiguages  often  have  limits  that  preclude 
their  use  on  large  problems;  e.g.,  ROS  has  a  capacity  to 
model  5000  individuals  (in  its  present  form,  although  this 
limit  could  be  easily  extended),  whereas,  for  exeunple, 
Q-GERT  C2U1  only  model  edsout  500.  (Q-GERT  (Queueing 
Graphical  Evaluation  and  Review  Technique)  is  a  networ]c 
simulation  language  (Pritsker,  1979).)  Finally,  well 
written  source  code  is  usually  more  compact  than  the  code 
created  by  a  simulation  language,  leading  to  much  lower 
execution  times. 

Simulation  Techniques.  A  variety  of  simulation 
techniques  is  used  within  the  model.  Wastage  and  promo¬ 
tion  selection  (as  opposed  to  the  procedure)  are  treated 
stochastically,  while  most  other  processes  (e.g.,  the 
allocation  of  resources,  determination  of  recruiting 
requirements)  are  treated  deterministically.  The  algorithm 
attenQ>ts  to  model  the  practices  of  the  promotion  board) 
although  there  are  no  docvunents  that  detail  the  promotion 
procedures,  apart  from  defining  eligibility  parameters 
(Australian  Defence  Instruction  (Air  Force)  Pers  5-9, 


Promotion  Policy,  1978).  Thus,  the  model  can  be  con¬ 
sidered  to  be  a  hybrid  of  several  commonly  used  techniques 


Operation  and  Progreunminq  Philosophy.  Eve 
attempt  has  been  made  to  make  the  model  easy  to  operate 
by  people  who  do  not  have  a  detailed  knowledge  of  computing 
techniques.  Wherever  possible,  model  data  is  read  in  from 
a  file  under  program  control  to  avoid  data  entry  errors 
and  to  reduce  the  workload  on  the  operator.  Some  knowl¬ 
edge  of  the  computing  system's  text  editor  is  required  to 
maintain  these  data  files.  Error  trapping  is  used  where 
practical.  A  "mem  in  the  loop”  principle  is  used  to  allow 
the  operator  to  iteratively  close  on  a  desired  solution 
or,  alternatively,  use  his  experience  to  find  a  solution 
to  a  problem.  Thus,  some  inputs  are  taken  from  a  terminal 
to  provide  flexibility  in  the  runs.  The  operator  can 
choose  to  have  the  output  returned  to  the  terminal,  or 
printed  on  a  line  printer  after  the  run  is  over.  Finally, 
and  perhaps  most  importantly,  most  of  the  structure  is 
defined  by  parameters  contained  in  a  "systems"  file.  This 
allows  the  structure  of  the  model  to  be  changed  to  follow 
changes  in  the  Service,  without  the  requirement  to  exten¬ 
sively  reprogram. 


Model  Operation  Overview 

Overview  of  the  Procedures.  The  operation  of  the 


ROS  model  is  shown  in  Figure  5.1,  where  the  hierarchical 


START: 

Call  the  Object  Code  and  make  Logical  Assignments 
Run  Module: 

Select  Print  Option  (Terminal/Line  Printer) 
Read  Data  Files 

Select  Option: 

Advance  Model 
Print  Establishment  Table 
Print  Costs  Table 
Tcd>ulate  the  Data  Base 
Restart  from  Year  1 
Stop 

END 

AdvcUice  Model: 

Nominate  Wastage  Factor 
Nominate  ATS 

Calculate  New  Establishment 
Make  Strength  Allocation 
Determine  Wastage 
Select  Promotees 
Create  Recruits 

Re-allocate  Recruiting  Shortages 
Age  Officers 
Resequence  Coarps 
Return 

Print  Establishment  Table: 

Print  Table 
Return 

Print  Costs  Table: 

Print  Table 
Return 

Tabulate  Data  Base: 

Select  Tabulation: 

Time  in  Rank 
Length  of  Service 
Category 
Bremch 

Significant  Change  Indicator 
Eligibility  for  Promotion 
Return 

Select  Tabulation  Confinement 
Select  Class  Width 
Print  Table 

Go  To  Select  Tabulation 

Restart  from  Year  1: 

Re-read  Initial  Data  Base 
Return 


Fig.  5.1  Operation  of  .the  RAAF  Officer  Structure  Model 


structure  of  the  running  is  shown  as  successive  indenta¬ 
tions.  Note  that  the  program  is  written  as  a  main  progrcun 
that  calls  a  number  of  svibprograms  to  complete  the 
selected  tasks.  The  main  program  and  each  of  the  subpro¬ 
grams  are  discussed  in  detail  in  the  remainder  of  the 
chapter. 

Invoking  the  Model 

File  Structure.  The  ROS  model  has  four  data  files, 
four  working  files,  and  of  course  the  program  file.  A 
detailed  description  of  the  data  files  can  be  found  in 
the  Operations  Manual  at  Appendix  A.  The  files  function 
as  follows: 

1.  Program  File.  The  FORTRAN  object  code  con¬ 
trols  the  processor  during  the  simulation. 

2.  Data  Files: 

a.  System  Data.  This  file  contains  data 
which  could  generally  be  described  as 
structure  and  constraints.  Contents  are: 
Number  of  Ranks 
Number  of  Categories 
Time  Step 
Initial  Year 
Wastage  Factor 
Number  of  Branches 


Branch  Names 


Significant  Chemge  Names 
Tabulation  Parameters 
Years  of  Service  on  Recruitment 
Minumum  Time  in  Rank 
Promotion  Prob£Q)ility 
Wastage  Probability 

Maximum  Recruits  per  Category  per  Year 
EstcQ)lishment  Data.  The  EstcJslishment  for 
each  Categozy  and  rank,  plus  total  estab¬ 
lishment  and  the  Category  name  are  con¬ 
tained  in  the  first  table.  Subsequent 
tad}les  contain  the  variation  to  those 
tables. 

Manpower  Data.  Each  officer  is  repre¬ 
sented  in  the  model.  The  data  recorded 
on  each  officer  is: 

Time  in  Rank 
Years  of  Service 
Rank 

Category 

Branch 

Eligibility  for  Promotion 
Significant  Change  Indicator 
Costs.  The  recruiting/training  cost  for 
each  new  recruit  in  each  category  is 
included.-  Three  subsequent  tedsles  contain 


salary  costs  for  the  General  Duties  Branch 
the  Doctors  and  Dentists,  and  other  offi¬ 
cers  not  included  in  the  divisions. 

3.  Working  Files.  The  four  working  files  are: 

a.  Print  Spool.  The  operator  cem  choose  to 
send  the  printout  from  the  model  on  to  a 
spool  file  for  later  printing. 

b.  Wastage.  Officers  who  are  wasted  from  the 
model  are  written  to  this  file.  At 
present,  the  information  on  this  file  is 
not  used;  however,  this  function  is 
retained  to  allow  future  development  of 
the  model,  and  also  to  assist  diagnosis 

of  problems  during  model  development. 

c.  Unload.  A  file  is  retained  to  allow  the 
manpower  data  base  to  be  "dunqped"  to 
assist  diagnostics  or  additional  analysis. 

d.  Recruits.  This  file  holds  recruits 
"created"  during  the  advancement  of  the 
model.  These  recruits  are  subsequently 
merged  with  the  main  data  base. 

The  interaction  of  the  ROS  progreun  file,  the  data 
files,  and  the  operator  is  shown  in  Figure  5.2.  FORTRAN 
requires  that  logical  files  be  connected  prior  to  the  run. 
Each  computer  will  have  a  different  method  of  accomplish¬ 
ing  this  function.  In  the  case  of  the  Harris  computer 


"nsacro"  procedure 


system  used  to  run  this  simulation,  a 
has  been  created  which,  when  invoked  by  the  command 
"RUNROS,"  automatically  makes  the  required  connections, 
and  then  starts  the  object  code  executing.  This  macro 
file  is  listed  in  the  operations  manual  at  Annex  A. 

(Note  that  the  operator  may  amend  the  macro  to  have  the 
printout  saved  on  a  work  file  or  passed  directly  to  the 
line  printer.)  This  macro  procedure  frees  the  operator 
from  having  to  make  ten  separate  assignments  (eight  for 
the  files  and  two  for  the  terminal) ,  which  makes  the 
model  very  simple  to  invoke,  while  eliminating  the  possi¬ 
bility  of  error  in  the  process.  Most  computer  operating 
systems  have  some  method  of  automatically  executing  such 
a  stream  of  commands.  More  detail  on  this  subject  may  be 
found  in  the  Operations  Manual  at  Appendix  A. 

Main  Module  Operation 

The  main  prograun  module  of  the  ROS  model  is  quite 
short,  operating  by  nuJcing  a  series  of  calls  to  subprograms 
elsewhere  in  the  code.  The  sequence  of  operations  is 
shown  in  Figure  5.1;  the  operator  makes  the  choice  to  have 
the  printout  (of  tables)  made  to  the  terminal  or  saved  on 
a  print  spool  file.  Only  the  lengthy  tables  are  spooled 
to  the  printer;  the  normal  dialogue  required  to  run  the 
model  is  passed  to  and  from  the  terminal.  The  print  spool 
option  can  reduce  the  time  for  a  ten-year  simulation  from 


two  to  three  hours  to  about  twenty  minutes;  printing 
tables  at  the  terminal  is  very  slow  and  thus  time- 
consuming.  The  wastage  factor  euid  Authorized  Terminal 
Strength  is  nominated  for  Year  1  of  the  simulation,  and 
data  files  are  read.  During  the  reading  process,  an  array 
containing  Establishment  and  actual  strength  totals  is 
compiled,  with  values  being  kept  for  each  Category/ rank 
cell. 

The  "select  option"  section  is  the  heart  of  the 
model  operation:  the  operator  keys  in  a  letter  correspond¬ 
ing  to  the  option  desired,  and  the  program  brcuiches  to  the 
necessary  function.  An  explemation  of  the  completion  of 
model  functions  is  in  order  at  this  stage.  The  implica¬ 
tion  of  the  above  paragraph  is  that  there  is  a  single 
subroutine  for  each  of  the  required  functions.  This  is 
not  true  in  most  cases.  The  program  has  been  written  in 
"modular"  form  to  assist  development;  however,  in  many  of 
the  functions,  several  subroutines  must  be  called  to  com¬ 
plete  the  required  processing.  Often,  subroutines  are 
called  from  several  other  subroutines.  Good  examples  are 
the  subroutines  IN  and  OUT.  To  fetch  the  data  on  each 
officer  quickly,  each  officer  is  represented  by  an  element 
of  the  array  lOCORE.  Subroutines  OUT  and  IN  change  the 
seven  subelements  of  each  lOCORE  element  into  the  single 
varieUsles  Time  in  Rank,  Years  of  Service,  Rank,  Category, 
Branch,  Eligibility  for  Promotion,  and  Significant  Change 


Indicator  and  vice  versa.  This  facility  makes  the  source 
code  much  more  "readable”  and  offers  the  opportunity  to 
code  the  officer  data  to  save  memory,  should  limited 
memory  be  a  factor  in  the  implementation.  When  the 
operator  has  completed  the  required  simulation  runs,  the 
"Q"  (quit)  option  is  selected.  This  stops  the  program, 
euid  the  operator  is  reminded  to  copy  the  print  spool  file 
to  the  printer  or  collect  the  printed  tables. 

Advance  the  Simulation 

Establishment  Variation.  The  ROS  model  is  "goal 
seeking"  in  that  it  tries  to  fill  each  estadslished  posi¬ 
tion,  subject  to  constraints  imposed  by  the  Authorized 
Terminal  Strength,  promotion  rates  and  recruiting.  On 
startup,  the  model  reads  the  Establishment  totals  for  each 
Category  and  rank.  Note  that  some  Category/Reuik  combina¬ 
tions  may  have  a  zero  entry.  For  each  year  of  the  simula¬ 
tion,  changes  in  the  Royal  Australian  Air  Force  Officer 
Corps  structure  may  be  determined  from  output  from  the 
FORVAR  model  or  as  advice  from  the  Director  of  Organiza¬ 
tion  and  Estcdslishment-Air  Force  as  described  in  Chapter  2 
These  cheuiges  are  recorded  as  variations  to  each  cell  of 
the  Category/rank  array  and  are  read  from  the  establish¬ 
ment  file,  and  Increment/decrement  the  Category/rank  cell 
totals  as  appropriate.  This  process  is  automatic;  it 
requires  no  action  from  the  operator  other  than  the  "G" 


conmand  to  advance  a  year.  The  data  presently  in  the 
model  allows  projections  to  be  made  for  the  next  ten  years 
a  more  typical  projection  would  be  to  support  the  Five 
Year  Defence  Plan  (FYDP)  by  making  projections  for  five 
time  periods. 

Strength  Allocation.  While  the  Establishment 
defines  the  Force  structure,  the  Officer  Authorized 
Terminal  Strength  defines  the  target  strengths  to  be 
achieved  in  each  Category/rank  cell.  These  targets  are 
reached  by  promotion  or  recruitment.  To  some  degree,  the 
total  Royal  Australian  Air  Force  Authorized  Terminal 
Strength  may  be  traded  between  the  Officer  and  the  Airman 
Corps.  A  typical  reason  to  trade  nvuidaers  would  be  an 
inability  to  reach  targets;  in  this  instance  a  shortfall 
in  one  Corps  would  be  made  up  in  the  other  Corps  to  ensure 
the  Royal  Australian  Air  Force  made  full  use  of  its  allo¬ 
cated  resources.  Because  of  the  flexibility  of  the 
Authorized  Terminal  Strength,  this  figure  is  made  an  input 
variable  and  is  read  from  the  operator  at  the  beginning 
of  each  year  of  the  run.  Once  the  overall  Authorized 
Terminal  Strength  is  given,  the  program  allocates  the 
resource  as  defined  in  Chapter  2.  Note  that  the  process 
is  not  exact;  rounding  errors  can  give  an  error  of  one  or 
two  in  the  allocation.  The  algorithm  makes  two  attempts 
to  fully  allocate  the  given  Authorized  Terminal  Strength; 


however,  an  error  of  one  is  common  but  may  be  disregeurded 
as  being  insignificant  as  far  as  the  accuracy  of  the 
results  of  the  model  is  concerned. 

Wastage .  Wastage  has  previously  been  defined  as 
the  loss  of  officers  from  the  Corps,  for  any  reason.  The 
system  file  contains  a  40  x  5  table  in  which  the  dimensions 
represent  years  of  service  and  Branch,  with  each  element  of 
the  array  representing  the  probability  that  an  officer  of 
that  number  of  years  of  service  and  Branch  will  leave  the 
Service.  These  data  are  derived  from  the  wastage  data  base 
held  by  POMPR  and  are  obtained  from  an  evaluation  of  the 
past  two  years'  records.  Wastage  rates  are  subject  to 
general  shifts;  examples  are  a  general  pay  increase  and  a 
change  in  economic  conditions.  Rather  than  keep  a  new 
table  for  each  year,  a  general  change  figure  is  read  from 
the  operator  at  the  beginning  of  each  year,  and  the  proba¬ 
bilities  in  the  tedsle  are  adjusted  by  this  amount;  e.g., 
a  drop  of  15  percent  in  wastage  would  be  represented  by  a 
wastage  factor  of  0.85.  Once  the  wastage  probabilities 
have  been  so  determined,  the  program  exeunines  each  officer 
in  turn,  starting  with  the  roost  senior.  A  random  number 
is  generated  by  the  conputer,  and  if  the  number  is  less 
than  the  wastage  probability,  the  officer  is  deemed 
"wasted"  and  his  significant  change  indicator  is  marked 
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with  the  value  4.  At  the  same  time,  a  table  of  actual 
strengths  is  decremented  by  one. 

Promotions .  The  promotions  module  proved  to  be  the 
most  difficult  to  inclement,  mainly  because  the  actual 
promotions  process  has  developed  heuristically  and  is  not 
clearly  defined  by  regulations.  However,  there  are  some 
factors  in  the  promotion  process  that  are  well  defined, 
allowing  a  reasonable  simulation  to  be  constructed. 

Firstly,  promotion  vacancies  to  each  Category/rank  cell 
are  simply  the  target  for  the  year,  less  the  actual 
strength  in  the  cell,  plus  the  promotions  and  wastage  from 
the  cell.  This  "promotion  target"  is  calculated  during 
the  process  of  esteUalishment  growth.  Authorized  Terminal 
Strength  allocation,  and  wastage.  Secondly,  eligibility 
for  promotion  is  essentially  a  minimum  time  in  rank;  this 
figure  is  held  in  the  systems  file  and  is  read  into  vari¬ 
ables  when  the  model  is  started.  Eligibility  also  depends 
on  the  time  the  person  has  previously  been  eligible.  If 
a  person  has  been  "passed  over"  for  promotion  several 
times,  he  may  be  unpromotable.  The  Royal  Australian  Air 
Force  allows  these  officers  to  serve  in  their  present  rank 
until  resignation  or  age  retirement;  they  are  not  forced 
to  leave  the  Service.  ROS  models  this  effect  by  allowing 
an  officer  to  remain  in  the  eligible  for  promotion  for 
five  years;  if  the  officer  is  not  promoted  after  these 


five  opportunities,  he  is  deemed  ineligible  for  promotion 
and  his  data  record  is  marked  as  such.  Note  that  the 
method  of  estimating  the  "promotion  zone"  is  an  artifact 
of  the  model  and  not  actual  promotion  policy.  Thirdly, 
the  promotion  process  is  completed  in  order  from  Air 
Commodore  rank  to  Flying  Officer  ramk.  This  follows  pro¬ 
motion  board  procedure  and  is  necessary  to  allow  calcula¬ 
tion  of  vacancies  for  promotion.  Fourthly,  within  a 
Category/rank  cell,  the  officers  eligible  for  promotion 
are  examined  in  seniority  order.  A  remdom  number  is  drawn 
cuid  compared  with  the  promotion  parameter  read  into  the 
"promotion  probability"  table  mentioned  aUaove.  If  the 
random  number  is  less  than  the  promotion  probability,  the 
officer  is  marked  as  having  been  prcxnoted.  Again,  note 
that  this  "promotion  probability"  method  of  selecting 
officers  for  promotion  is  a  modeling  artifact.  At  present 
a  promotion  probability  of  0.3  is  used  for  each  cell;  this 
figure  should  be  improved  by  observing  (over  the  past 
several  years)  the  actual  promotion  rate  of  eligible  offi¬ 
cers  in  each  cell.  Fifthly,  only  Flight  Lieutenants-, 
Squadron  Leaders,  and  Wing  Commanders  compete  in  this  man¬ 
ner  for  promotion.  In  the  case  of  senior  officers  (Group 
Captains  to  Air  Vice  Marshals) ,  the  small  numbers  in  each 
cell  do  not  warrant  this  complex  selection  process,  and  the 
most  senior  eligible  officer  is  selected  to  fill  a  vacancy. 
Note  that  there  are  no  promotions  for  Air  Vice  Marshals; 


they  may  only  retire  from  the  Service.  In  the  Flying 
Officer  rank,  officers  are  granted  "time  promotion"  if 
their  time  in  rank  exceeds  the  minimum  time  in  rank,  which 
is  a  reasoncQsle  advancement  method  as  very  few  officers 
fail  to  progress  beyond  Flying  Officer;  in  the  "real  world" 
Flying  Officers  do  not  compete  for  promotion,  they  only 
have  to  complete  promotion  exauninations  to  be  eligible 
for  promotion.  As  a  closing  comment  on  the  paragraph  on 
modeling  promotions,  the  observation  must  be  made  that 
this  is  probedsly  the  least  satisfactory  and  most  diffi¬ 
cult  part  of  personnel  procedure.  Here,  an  attempt  is 
being  made  to  model  qu2mtitatively,  what  is  literally  a 
qualitative  issue.  The  algorithm  may  fail  to  fill  promo¬ 
tion  vacancies.  This  situation  is  common  in  practice; 
however,  the  number  of  officers  promoted  depends  on  the 
minimum  officer  quality  the  promotion  board  is  prepared  to 
accept  (as  well  as  vacancies  of  course) .  Quality  standards 
are  likely  to  vary  with  time  and  pressure  to  fill  vacan¬ 
cies.  In  effect,  this  segment  of  the  model  must  be  devel¬ 
oped  heuristically,  with  the  analyst/modeler  juggling  pro¬ 
motion  probability  emd  promotion  zone  parameters  to  reflect 
current  promotion  practices,  until  a  sufficiently  accurate 
representation  is  obtained. 

Recruitment .  At  the  conclusion  of  the  strength 
allocation,  wastage,  and  promotion  proces.^es,  vacancies 


for  recruits  will  be  evident  at  the  lowest  rank.  These 
are  not  always  filled  as  there  are  constraints  on  recruit¬ 
ing  as  described  in  Chapter  4.  However,  in  this  instance, 
the  Category  Flying  Officer  strength  targets  are  ignored; 
if  the  vacancies  exist  and  recruits  are  available,  they 
will  be  included  in  the  data  base.  The  important  con¬ 
straint  is  based  on  the  minimum  of  the  number  who  can  be 
recruited,  and  the  number  who  can  be  accommodated  by  the 
training  system.  This  constraint  figure  (for  each  Cate¬ 
gory)  is  obtained  from  the  systems  data  file,  and  a  new 
figure  allows  the  constraj.nt  to  be  changed  to  represent 
changes  in  training  capacity  or  expected  changes  in  recruit 
ing  rates;  consequently,  some  judgement  is  required  to  set 
these  figures.  The  ROS  pr<Tqram  only  limits  the  number  of 
recruits  if  this  constraint  is  reached.  In  the  case  where 
strength  exceeds  target  (which  could  arise  if  the  force 
was  being  reduced  in  size  or  a  Category  was  being  elimi¬ 
nated)  ,  the  model  carries  the  surplus  to  the  next  year, 
allowing  wastage  to  reduce  the  excess.  In  addition  to  a 
recruiting  constraint,  recruits  who  are  accepted  join  with 
a  predetermined  number  of  years  of  service.  This  param¬ 
eter  is  read  from  the  systems  file  on  start-up,  and  a 
single  figure  is  used  in  each  Category  for  the  time  span 
of  the  simulation.  Manual  intervention  in  the  recruiting 
process  is  allowed.  If  the  model  were  allowed  to  run 
under  these  rules,  the  strength  achieved  would  fall  short 


of  the  Authorized  Terminal  Strength  by  the  sum  of  the 
shortages  in  each  Category.  The  model  advises  the  operator 
when  a  shortfall  occurs  and  gives  the  opportunity  to  over¬ 
recruit.  This  practice  is  present  in  the  manual  system, 
where  shortfalls  in  one  Category  can  be  made  up  in  another, 
provided  the  Category  Establishment  is  not  exceeded.  To 
assist  the  operator,  the  Establishment/Target/Actual/ 
Balance  (ETAB)  table  may  be  optionally  printed  at  the 
terminal  for  each  year  (it  bypasses  the  spool  file) ;  the 
operator  can  then  manually  distribute  the  shortfall  by 
nominating  a  Category  number  amd  the  number  of  extra 
recruits  to  force  on  that  Category.  No  checks  on  the  allo¬ 
cations  are  made  by  the  ROS  program  during  this  process; 
however,  the  reference  to  the  printed  ETAB  table  emd  the 
operator's  skill  are  usually  sufficient  to  make  the 
required  allocations. 

"Ageing"  Each  Officer.  At  the  conclusion  of  the 
processes  of  growth,  wastage,  promotion,  and  recruit¬ 
ment,  it  is  necessary  to  meUce  changes  that  move  the  model 
forward  in  time.  Since  the  representation  of  the  Officer 
Corps  is  the  accumulation  of  individual  characteristics, 
the  changes  to  increment  time  are  made  to  the  data  on  each 
individual  officer  in  the  data  base.  Firstly,  the  years 
of  service  for  each  officer  are  incremented  by  one. 
Secondly,  time  in  rank  is  Incremented  by  a  year,  unless 
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the  officer  has  been  marked  for  promotion,  when  time  in 
rank  is  set  to  zero  at  the  new  rank.  No  other  changes 
are  required. 

Re sequencing  the  Data  Base.  The  ROS  model  requires 
the  data  base  to  be  in  the  following  order:  rank  decreasing, 
category  increasing,  and  time  in  rank  decreasing.  The 
reason  for  this  requirement  will  be  apparent  from  the  pre¬ 
vious  description  of  the  functioning  of  the  model.  In 
particular,  promotion  selections  are  made  starting  with  the 
most  senior  ranks,  and  within  a  rank,  with  the  officers 
with  the  greatest  time  in  rank.  If  the  data  base  were 
not  in  the  order  described  above,  the  model  process  would 
not  match  those  of  the  manual  system.  At  the  end  of  the 
processing,  the  data  base  will  be  out  of  order;  some  offi¬ 
cers  will  still  be  present  although  they  are  to  be 
"wasted"  from  the  simulation  while  promotees  must  be  moved 
up  a  rank,  often  ahead  of  officers  who  are  senior.  The 
resequence  module  restores  the  required  order.  To  make 
minimum  use  of  storage  space  and  computer  processing  time, 
the  program  uses  a  merging  technique  rather  than  a  sort¬ 
ing  technique.  The  process  requires  two  passes  of  the 
data  base.  In  the  first  pass,  promotees  are  written  out 
onto  a  temporary  file,  wasted  officers  are  eliminated, 
while  the  remaining  officers  are  "squashed"  down  to  leave 
room  for  the  merging  process.  During  the  second  pass. 
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the  two  data  bases  are  merged  to  create  the  new  data 
base,  now  in  the  correct  order.  When  the  extant  officers 
have  been  processed,  recruits  are  "created"  and  introduced 
(with  zero  time  in  rank  and  years  of  service) ,  based  on 
requirements  previously  determined  for  each  Category  and 
stored  in  a  data  array  until  this  process  is  called.  Note 
that  during  the  promotion  process,  officers  are  moved  to 
the  new  rank  in  the  seniority  order  they  held  in  the  pre¬ 
vious  rank;  this  is  in  accordance  with  Personnel  Division 
procedures.  A  second  point  to  note  is  that,  although 
officers  who  have  wasted  from  the  core  are  eliminated, 
their  records  have  been  retained  on  a  separate  temporary 
file  which  can  be  used  for  stibsequent  analysis.  Finally, 
recruits  are  also  written  to  this  file;  they  may  be  dis¬ 
criminated  from  wasted  officers  by  the  significant  change 
indicator . 

Model  Output 

Introduction.  In  many  models,  a  single  output  is 
produced.  ROS  is  designed  to  be  a  general-purpose  model; 
consequently,  a  great  deal  of  variety  in  output  is  required 
to  absorb  the  variety  of  research  requests  that  could  be 
made.  This  section  describes  the  various  outputs  that  can 
be  produced  by  ROS,  and  some  exeui^les  will  be  included. 
Should  additional  outputs  be  required  to  support  a  specific 
research  project,  the  data  structure  of  the  model  is  such 
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OPTIONS  ARE:  ’•G","H-HELP",*Q","U",“T","E*',"C","R" 

? 

G 

WHAT  IS  THE  WASTAGE  FACTOR  FOR  THE  YEAR  1981 

.85 

WHAT  IS  THE  ATS  FOR  1982  ? 

3700 

-1  MEN  LEFT  OVER  IN  INITIAL  ALLOCATION 
TOOK  ONE  BACK  FROM  FLGOFF  SHIPMENT 

0  MEN  LEFT  OVER  IN  FINAL  ALLOCATION 
ATS  USED-  3700 


THE  FOLLOWING  SHORTAGES  WERE  CAUSED  BY  RECRUITING  LIMITS 


CATEGORY 

CATEGORY 

CATEGORY 

CATEGORY 

CATEGORY 

CATEGORY 

CATEGORY 

CATEGORY 


2,  NAVIGATOR 

3,  AERONAUTICAL 

4,  RADIO 

5,  ARMAMENT 
9.  WORKS 

13.  INTELLIGENCE 
17,  POLICE 
19,  DOCTOR 


RHORT  BY 
SHORT  BY 
SHORT  BY 
SHORT  BY 
SHORT  BY 
SHCAT  BY 
SHORT  BY 


36 

11 

24 

9 

6 

14 

1 


TOTAL  SHORTAGE  WAS 


SHORT 

119 


BY  18 


IN  ORDER  TO  HELP  YOU  RE>ALLOCATE  THE  RECRUIT  SHORTAGES 
I  CAN  PRINT  THE  COMPLETE  MANNING  AND  ESTABLISHMENT  TABLE 
OR  1  CAN  SUPPRESS  IT  FOR  THE  REST  OF  THE  RUN. 

DO  YOU  WANT  IT?  (Y/N) 

? 

N  .  . . . . 

HOW  DO  YOU  WANT  to' REALLOCATE  THE  JiiCRUIT  SHORTAGES? 

TYPE  IN  A  SERIES  OF  LINES,  EACH  LIME  CONTAINING  TWO  NUMBERS, 
A  CATEGORY  NUMBER  AMO  THE  NUMBER  OF  EXTRA  RECRUITS  TO  FORCE 
ON  THAT  CATEGORY. 

FINISH  WITH  TWO  ZEROS  IE  0  0. 

? 


8  20 
? 

10  20 
? 

0  0 

1982 

RANK 

PLTOFF/ 

FLGOFF  FLTLT 

SQNLDR 

WGCDR 

GPCAPT  AIRCDR 

AVM 

TOTAL 

STRENGTH 

987  1365 

747 

395 

108 

32 

14 

3648 

TARGET 

1149  1145 

824 

424 

115 

31 

12 

3700 

ESTABLISHMENT  1230  1243 

879 

431 

115 

31 

12 

3941 

COUNTS  OF  OFFICERS  PROMOTED 
PROMOTIONS  0  1 18 

AND  NEW  RECRUITS: 

68  58  25 

3 

1 

RECRUITS 

228  13 

0 

0 

0 

0 

0 

COUNTS  OF 
RETIRED 

OFFICERS  EXITING: 
0  0 

0 

0 

0 

0 

0 

WASTED 

36  *86 

50 

46 

18 

3 

1 

Fig.  5.3  Summary  of  Events  for  the  Previous  Year 
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that  the  required  outputs  can  be  obtained  relatively 
easily. 

Summary  Report.  At  the  beginning  of  each  year  in 
the  simulation,  the  model  produces  a  summary  output.  In 
the  first  year,  the  data  includes  strength,  target,  and 
estedslishment  by  rank.  For  each  subsequent  year,  after 
the  officers  in  the  Corps  have  undergone  processing,  addi 
tional  data  fields  are  shown.  These  are  counts  of  promo¬ 
tions,  recruits,  retired  and  wasted  officers,  again  sum¬ 
marized  by  rank.  Figure  5.3  shows  an  example  of  this 
report.  In  the  present  model,  there  will  be  no  counts 
in  the  "retired”  column  as  there  is  no  explicit  modeling 
of  age  retirement.  However,  if  the  length  of  service  of 
officers  shows  an  increasing  trend,  rather  th2ui  a  decreas 
ing  trend  as  at  present,  wastage  of  officers  through  age 
retirement  could  become  significant,  in  which  case  this 
section  of  the  model  would  be  developed. 

Est^d)li8hment/Target/Actual /Balance  (ETAB)  Report 
The  ETAB  report  is  shown  at  Figure  5.4.  This  report,  can 
be  produced  at  any  time  by  selecting  the  "E"  (for  Estab¬ 
lishment)  option  in  the  main  program.  The  report  is 
lengthy  and  takes  several  minutes  to  print  at  a  terminal, 
thus  is  one  of  the  model  outputs  that  can  be  sent  to  the 
print  spool  for  later  production.  However,  the  operator 
can  also  elect  to  have  the  report  automatically  printed 
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during  the  model  advancement  process  to  facilitate  alloca¬ 
tion  of  recruiting  reports.  This  output  is  probably  the 
most  inqportant  output  from  the  model,  since  it  shows  in 
detail  the  structure  of  each  Category,  Branch,  and  the 
RAAF  as  a  whole.  Furthermore,  the  report  format  exactly 
mirrors  the  display  in  the  Directorate  of  Personnel 
Officers-Air  Force  strength  management  cell  and  is  thus 
fcuniliar  to  all  who  are  interested  in  this  type  of  informa¬ 
tion  (and  indeed  was  produced  in  this  format  with  this 
objective  in  mind) .  The  report  is  printed  from  arrays 
accumulated  during  the  running  of  the  model.  Note  that 
it  shows  the  ested>lishment,  target,  strength,  and  differ¬ 
ence  between  target  and  strength  (called  "balance")  for 
each  rank  in  each  Category.  For  convenience,  these  four 
figures  are  s^lmmed  by  Category,  by  rank  in  each  Branch, 
across  again  to  give  Branch  totals;  then  the  totals  of 
Branch/rank  totals  are  again  totaled  to  produce  Royal 
Australian  Air  Force  totals.  This  summary  produces  a 
detailed  "snapshot"  of  the  Royal  Australian  Air  Force  at 
the  moment  of  the  simulation  step.  Once  experience  is 
gained  in  reading  the  output,  the  report  provides  a  very 
clear,  concise  picture  of  the  Royal  Australian  Air  Force 
Officer  Structure.  The  information  in  the  report  immedi¬ 
ately  shows  problem  areas  and  can  be  used  to  develop  new 
policies  to  correct  these  problems  as  previously  described. 


Reports  from  the  TeJaulate  Option.  Although  the 
ETAB  report  provides  a  considerable  eunount  of  information 
in  a  very  condensed  format,  often  there  is  a  need  to 
extract  more  specific  reports  from  the  model.  The  method 
used  by  the  ROS  model  is  to  allow  the  operator  to  examine 
the  data  base  in  a  combination  of  ways  to  produce  the 
desired  results.  The  procedure  is  not  unlike  the  CROSSTABS 
routines  in  the  Statistical  Package  for  the  Social  Sciences 
(SPSS)  (1975) .  The  "Tabulate”  option  always  lists  the 
selections  by  rank  in  the  horizontal  direction,  while  the 
following  lists  may  be  made  in  the  vertical  direction: 

1.  Time  in  Rank, 

2.  Length  of  Service, 

3 .  Category , 

4.  Branch, 

5.  Significant  Chemge  Indicator,  and 

6.  Eligibility  for  Promotion. 

Once  this  basic  selection  has  been  made,  the  operator  can 
elect  to  restrict  to  a  subset  of  the  data  base,  again  on 
the  basis  of  factors  1.  to  6..  This  subset  can  be  further 
defined  by  a  reuige  of  values.  This  is  a  little  confusing 
at  first  sight;  Categories  for  example  are  numbered  from 
1  to  25  and  Branches  from  1  to  5,  in  the  order  they 
appear  on  the  ETAB  report  (e.g.,  "ADMINISTRATIVE"  is 


Category  10,  "EQUIPMENT"  is  Branch  3) .  Once  the  restric¬ 
tion  is  nominated,  the  operator  can  elect  to  define  the 


class  width;  e.g.,  in  a  years  of  service  taUsulation  the 
operator  could  choose  the  vertical  direction  printout  in 
five-year  blocks.  The  typical  use  of  this  feature  of  the 
ROS  model  is  perhaps  demonstrated  by  an  example.  Suppose 
the  research  question  was  "what  is  the  distribution  of 
years  of  service  for  the  DOCTOR  and  DENTIST  categories?" 
After  selecting  the  Tabulate  option  from  the  main  program, 
the  "2"  option  would  be  nominated  to  select  years  of 
service,  "Y"  to  the  question  "is  the  tabulation  to  be 
confined  in  any  way?”,  "3"  to  indicate  the  desired  subset. 
Category  in  this  case,  ”19  20”  to  indicate  the  range  of 
the  subset,  and  finally,  "2"  to  indicate  that  the  dis¬ 
tribution  was  to  be  given  in  two-year  blocks.  The  dialogue 
and  the  resulting  printout  for  this  exeunple  are  shown  in 
Figure  5.5.  Although  this  procedure  is  complex  to 
describe,  it  is  very  single  to  execute,  and  experience  has 
shown  that  once  an  operator  has  witnessed  the  procedure, 
competence  follows  very  quickly.  The  power  of  this  module 
of  the  program  is  that  it  uses  combinatorial  techniques 
to  generate  the  reports;  consequently,  a  large  number  of 
con^lex  research  questions  can  be  provided  with  data, 
without  the  need  to  write  special-purpose  report  generating 
prograuns.  Use  of  this  module  is  demonstrated  in  Chapter  7 
(Validation)  and  Chapter  8  (Exan^les  of  Research  Use) . 


TABLATE  ON  WHICH  VARIABLE  NUMBER?  -  ENTER  0  TO  HAVE  OPTIONS  DISPUTED 
(ENTER  THE  NUMBER  -1  TO  LEAVE  THE  “TABLATE*'  MODE) 

? 


1  :  TIME  IN  RANK  (YEARS) 

2  :  LENGTH  OP  SERVICE(YEARS) 

3  :  CATEGORY 

4  :  BRANCH 

5  :  SIGNIFICANT  CHANGE  INDICATOR 

6  :  ELIGIBILITY  FOR  PROMOTION 
PLEASE  ENTER  YOUR  CHOICE 

? 

2 

IS  THE  TABLATION  TO  BE  CONFINED  IN  ANY  WAY  (Y/N)? 

? 

Y 

ENTER  VARIABLE  NUMBER  BY  WHICH  SUBSET  IS  CHOSEN 
? 

3 

NON  ENTER  PAIR  OF  VALUES  TO  BE  LOWER  AND  UPPER  LIMITS. 
TABLATION  IS  CONFINED  TO  THOSE  OFFICERS  HAVING  A  VALUE  OF 
CATEGORY  FALLING  BEWEEN  THESE  LIMITS. 

? 

19  20 

PLUSE  ENTER  CLASS  WIDTH 
? 

2 


TABLE  OF  NUMBERS  OF  OFHCERS  BY  RANK 
TABUTED  BY  LENGTH  OF  SERVICE(Y£ARS) 

FOR  THE  YEAR  1982 

WITH  VALUES  OF  CATEG(»Y 

BEING  RESTRICTED  TO  THE  FOLLOWING: 

DOCTOR 

DENTIST 

RANKS 

FLGOFF  FLTLT  SQNLDR  WGCDR  GPCAPT  AIRCDR 


CUSS 

LIMITS 


AVM  TOTAL 


2  0 

0  ( 

25  2 

16  2 

0  ( 

9  8 

0  1 

8  7 

0  ( 

0  8 

1  ( 

0  0 

0  1 

0  0 

3 

1  1 

0  ] 

0  1 

0  ( 

0  0 

1  ( 

0  0 

0  ( 

0  0 

0 

0  1 

2  ( 

0  0 

0  ( 

0  0 

U 

Costing.  The  costing  report  has  been  added  to  the 
ROS  model  as  part  of  this  thesis  effort;  it  has  been 
included  as  there  is  a  growing  awareness  in  the  Royal 
Australian  Air  Force  of  personnel  costs.  A  second  advem- 
tage  is  that  reducing  the  various  inputs  to  the  model 
reduces  the  "incommensurable"  problem  to  some  degree,  in 
that  the  effects  can  be  measured  in  terms  of  dollars  and 
compared  with  other  budgetary  amounts.  Such  a  facility 
allows  reasoned  tradeoffs  between  manpower  and  equipment 
to  be  made.  The  cost  report  provides  two  basic  pieces  of 
information — the  cost  of  each  officer  who  is  recruited 
auid  the  salary  costs.  To  conform  with  other  reports,  the 
output  is  dissected  horizontally  by  rank  and  vertically  by 
Category,  with  subtotals  for  each  Branch  and  for  the  Royal 
Australian  Air  Force  as  a  whole.  An  example  of  this  report 
is  contained  in  Figure  5.6.  To  avoid  large  amounts  of 
data  entry,  the  cost  data  is  contained  on  a  data  file  as 
described  edsove.  Initially,  training  cost  data  for  each 
Category  is  read  into  variables.  This  cost  represents  the 
total  cost  of  recruiting  and  training  a  new  officer  and 
may  contain  elements  of  other  costs  in  the  Royal  Australian 
Air  Force.  An  example  is  flying  training.  This  activity 
is  undertzUcen  to  replace  pilots  lost  through  wastage  and 
required  by  growth.  The  costs  of  running  the  training 
base,  the  operations,  maintenance,  supply  and  support  per¬ 
sonnel,  depreciation  and  replacement  of  aircraft,  fuel 


acorr*  :  aar  :  SqMLM  :  UCCDI  :  CPCATT  :  AKCDII  ;  Mm  :  sunoTa 
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2525MOO 


39*000:  15572*50 


520000:  2577**00; 


1**3200:  3*22700:  1*3*900:  **1900:  299500:  51000 


MAT  iota 


215*504  5  :  3«..w« 


WC(S*  :  CKATT  :  AIKU)*  :  AVN*  :  SulTOTa 


5009030;  15*1000;  7»*uOU:  lo«*7k**5:  12950OU0:  121*2k**5: 


Fig.  5.6  An  Example  of  the  Cost  Report 
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costs,  etc.  should  be  divided  eunongst  the  students  trained 
in  order  to  generate  an  accurate  cost.  As  a  consequence, 
these  estinates  may  have  to  be  iteratively  developed  as 
model  output  shows  the  nximber  trained.  Training  costs 
are  generated  by  interrogating  the  mempower  data  base, 
finding  all  officers  with  a  significant  change  indicator 
that  shows  they  have  just  been  recruited,  then  costs  for 
the  Category  are  determined  by  multiplying  the  training 
cost  for  the  Category  by  the  number  of  recruits  that 
enter.  Three  salary  tcd>les  are  used.  Pilots  and  navi¬ 
gators  receive  flying  pay  and  the  salaries  for  these  cate¬ 
gories  are  contained  in  one  table.  Similarly,  to  attract 
and  retain  doctors  and  dentists,  their  pay  rates  are 
higher  and  are  contained  in  a  second  table.  Other  offi¬ 
cers  are  covered  with  a  third  table.  Different  salaries 
are  paid  for  different  ranks,  and  within  a  rank  there  are 
up  to  six  pay  levels;  increments  are  given  for  seniority. 
Thus,  the  salary  table  is  a  25x6x3  array.  The  array 
lOCORE  is  scanned  and  the  Branch,  Category,  rank  and  time 
in  rank  are  determined  for  each  officer.  This  information 
is  used  to  determine  the  correct  table,  rank,  and  seniority 
in  the  salary  table;  once  the  salary  is  known,  it  is  added 
to  the  appropriate  Category/rank  cell  in  the  report,  as 
well  as  the  Branch  and  Royal  Australian  Air  Force  cells. 

At  the  conclusion  of  these  processes,  the  salary  costs 
are  totaled,  training  costs  are  added,  and  grand  totals 


In  Chapter  1,  the  model  was  described  as  being 
"isomorphic"  or  having  a  one-to-one  relationship  with  the 
real  system  it  is  designed  to  represent.  The  processes 
involved  with  personnel  strength  management  include  organi¬ 
zational  growth,  allocation  of  resources,  wastage,  promo¬ 
tion,  emd  recruitment.  If  Chapter  2  and  Chapter  5  are 
read  in  parallel,  the  justification  of  the  use  of  the 
description  "isomorphic"  will  become  apparent;  the  model 
processes  individual  officers,  described  by  a  set  of  vari¬ 
ables  in  a  data  base,  in  the  seime  way  as  processing  is 
done  in  the  "real  world. " 

A  further  comment  on  the  "systems”  approach  may 
be  appropriate,  now  that  the  procedures  have  been  fully 
described.  The  intent  of  the  strength  management  processes 
is  to  meUce  the  structure  of  the  force  comply  with  the 
structure  dictated  by  the  strategic  assessment.  Figure  5.7 
shows  a  control  diagram  depicting  these  processes.  Note 
that  the  process  of  achieving  control  over  the  force  struc¬ 
ture  is  the  same  for  both  the  manual  processing  and  the 
simulation  model. 


Summary 


The  way  the  ROS  models  the  progress  of  individuals 
through  the  Royal  Australian  Air  Force  Officer  Corps  has 
been  described  in  detail.  In  essence/  the  strategic 
assessment  leads  to  the  creation  of  the  EsteU>lishment/  a 
list  of  officer  positions,  which  will  change  year  by  year. 
Manpower  resources  allocated  to  the  Corps  are  distributed 
according  to  a  set  of  deterministic  rules.  Officers  will 
leave  the  Service,  creating,  wastage.  Both  organizational 
growth  and  wastage  will  be  accommodated  by  promotions  and, 
at  the  lowest  rank,  by  recruitment.  Officers  will  grow 
older  and  will  accumulate  seniority  in  rank. 

The  model  provides  the  operator  with  a  number  of 
outputs,  including  an  Establishment/Target/Actual/Balance 
report  identical  to  the  one  used  presently  in  Personnel 
Division.  Research  on  the  Corps  can  be  supported  by  the 
Tabulate  function  of  the  model  which  produces  a  variety 
of  special-purpose  reports.  Cost  reports  are  also  pro¬ 
vided. 
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Chapter  6 


ASSUMPTIONS,  APPROXIMATIONS  AND 
FUTURE  DEVELOPMENT 


Introduction 

If  the  Royal  Australian  Air  Force  (RAAF)  Officer 
StJTUcture  (ROS)  model  is  to  be  successfully  used  to  assist 
strength  management  and  research  on  the  Royal  Australian 
Air  Force  Officer  Corps,  the  manpower  resource  managers 
must  know  both  the  way  the  model  functions  as  well  as  the 
model  limitations.  These  limitations  can  generally  be 
sufficiently  well  understood  by  exeunining  the  assumptions 
and  approximations.  This  chapter  is  devoted  to  a  detailed 
discussion  of  the  assvunptions  and  approximations  contained 
in  the  ROS  model.  The  background  to  the  assumptions  and 
approximations  is  discussed,  as  is  the  effect  on  operation 
of  the  ROS  model. 

As  an  extension  to  the  detailed  description  of  the 
assun^tions  and  approximations,  information  on  possible 
development  is  included  here  as,  once  the  functioning  of 
the  model  is  understood,  the  assvunptions  and  approximations 
known,  the  areas  in  which  the  model  could  be  developed 
closely  and  logically  follows.  A  caveat  on  development 
may  be  appropriate  at  this  point.  Some  extensions  of  the 
model  will  add  to  the  complexity  of  the  simulation. 


Consequently,  further  development  may  demand  more  of  the 
analyst /opera tor,  as  there  is  an  "entry  level"  of  under¬ 
standing  required  if  the  model  is  to  provide  useful  advice 
Before  embarking  on  further  development  (as  opposed  to 
refinement  of  the  data  that  feeds  the  present  model) , 
the  euialyst  should  ensure  that  the  benefits  expected  from 
the  development  exceed  the  cost. 

The  following  paragraphs  follow  much  the  seune 
sequence  as  Chapters  2  and  5;  the  discussion  sequence  will 
be: 

1.  Time  Representation, 

2.  The  Establishment  Process, 

3.  Resource  Allocation, 

4.  Wastage  Representation, 

5.  Promotion, 

6.  Recruitment,  and 

7.  Costing. 


Time  Representation 

A  time  step  of  one  year  was  chosen  as  this  span 
avoids  seasonal  effects  and  ties  in  with  the  other  manage¬ 
ment  processes,  particularly  the  Australian  Five-Year 
Defence  Plan,  in  v^ich  projects  are  defined  and  estimates 
are  provided  on  an  annual  basis,  for  a  period  extending 
five  years  from  the  end  of  the  current  financial  year. 

The  ROS  model  is  designed  to  provide  a  "snapshot"  of  the 


Officer  Corps  on  a  particular  date;  generally,  the  most 
useful  date  will  be  the  first  of  January,  since  the  bulk 
of  promotions  t2Uces  effect  on  that  day.  Alternatively, 
the  model  can  be  run  with  a  snapshot  date  of  the  first  of 
July,  since  that  date  is  the  start  of  the  Australian  finan 
cial  (as  opposed  to  the  calendar)  year.  The  present 
intention  is  to  use  both  methods  by  moving  from  the 
calendar  year  representation  to  the  financial  representa¬ 
tion  and  back  to  the  calendar  year  representation;  i.e., 
making  revised  predictions  each  six  months.  This  method 
of  "rolling"  the  model  forward  is  intended  to  provide 
up-to-date  forecasts  without  placing  an  undue  processing 
load  on  the  strength  management  staff. 

Although  the  model  provides  a  representation  at 
a  single  point  in  time,  personnel  processes  are,  of  course 
continuous.  Thus,  the  model  functions  by  achieving  all 
the  processes  that  affect  each  individual  throughout  the 
year,  then  storing  the  changes  either  in  the  revised  man¬ 
power  data  base,  or  in  tables  of  results,  ready  to  be 
printed  at  the  operator's  request. 

No  changes  to  this  way  of  processing  are  suggested 
the  method  is  standard  for  discrete  simulation.  However, 
it  is  the  discrete  property  of  the  simulation  that  imposes 
the  need  for  approximations  and  assumptions  in  other 


areas 


The  Establishment  Process 


The  primary  asstmqption  made  in  the  Establishment 
process  is  that  future  Establishment  changes  will  be  known 
While  this  may  seem  to  be  a  trivial  point,  actually  deter¬ 
mining  the  changes  is  a  complex  business,  since  it  depends 
on  a  great  number  of  external  (to  the  Director  of  Organize 
tion  and  Establishment-Air  Force)  factors.  Furthermore, 
there  is  an  inherently  high  probability  of  change  in  the 
estimates.  For  example,  as  this  study  was  being  conducted 
Government  policy  on  defense  spending  underwent  a  stibstam- 
tial  change  as  attempts  were  made  to  reduce  Government 
spending  in  order  to  reduce  the  budget  deficit  and  intro¬ 
duce  two  new  "unplanned"  weapons  systems— the  aircraft 
carrier  HMS  Invincible  (vdiich  will  become  HMAS  Australia) 
and  the  replacement  of  Royal  Australian  Air  Force  Lockheed 
P3B  maritime  patrol  aircraft  with  the  P3C  version.  These 
changes  came  as  a  result  of  financially  favored>le  offers 
of  purchase  that  arose  outside  of  the  previously  defined 
Five-Year  Defence  Plan.  Ultimately,  the  likely  effect  of 
this  change  will  be  to  reduce  the  resource  allocation  to 
other  Department  of  Defence  projects,  which  is  likely  to 
result  in  substantial  changes  to  the  previously  estimated 
variations  to  the  EsteUslishment. 

Many  officers  find  it  difficult  to  work  in  an 
environment  where  change  is  the  rule  rather  than  the 
exception.  However,  a  volatile  environment  is  the 


raison  d'etre  for  the  modeling  approach  of  management;  the 
models  allow  the  organization  to  react  to  the  new  environ¬ 
ment  with  minimum  effort.  The  most  effective  "mind  set" 
is  the  "expected  value"  approach,  where  all  the  known 
parameters  are  introduced  into  the  model  and  the  expected 
result  confuted.  Should  the  environment  change,  the  new 
parameters  are  provided,  new  estimates  produced,  communi¬ 
cated,  and  revised  as  necessary. 

A  second  assiin^tion  is  that  the  rate  of  change  of 
the  Establishment  will  be  known.  In  Chapter  4,  the  ftinc- 
tioning  of  the  RAAF  Force  Variation  Model  (FORVAR)  was 
briefly  described.  This  model  assists  the  estimation  of 
the  effects  of  structural  changes  in  the  Sezrvice  as  the 
result  of  revised  strategic  assessments.  Output  from  this 
model  is  not  time-phased;  a  step  change  is  produced. 
Judgement  by  Directorate  of  Organization  and  Ested>lishment 
Air  Force  personnel  on  both  the  rate  of  change,  and  the 
ranks  affected,  is  required.  Again,  these  changes  depend 
on  the  timing  and  size  of  projects.  As  mentioned  pre¬ 
viously,  these  estimates  may  have  to  be  revised  in  the 
light  of  ROS  model  output  if  the  prediction  is  that  the 
desired  structure  cannot  be  achieved. 

A  comment  on  the  Establishment  practice  for  the 
Flying  Officer/Flight  Lieutenant  reuik  is  necessary. 
Observant  readers  may  have  noticed  in  the  ROS  model  output 
a  chronic  undermanning  at-  the  Flying  Officer  rank  and  a 


chronic  overmanning  at  the  Flight  Lieutenant  remk.  This 
imbalance  is  due  to  the  time  promotion  as  opposed  to  com¬ 
petitive  promotion  between  these  remks.  If  promotion  and 
wastage  rates  are  high,  officers  will  pass  quickly  through 
the  more  senior  ranks,  creating  a  high  demand  for  recruits 
and  thus  increasing  the  strength  of  the  Flying  Officer 
rank.  Under  the  present  rates,  officers  spend  more  time 
in  the  Flight  Lieutenant  rank;  consequently,  this  reuik  is 
overmanned  in  comparison  to  the  Flying  Officer  rank.  The 
model  in  its  present  form  accurately  represents  the  real 
situation,  hence  changes  should  not  be  made  to  either  the 
establishment  levels  or  the  promotion  algorithm,  unless  a 
change  is  first  made  in  the  Service. 

Generally,  the  model  representation  of  the  Estab¬ 
lishment  process  is  satisfactory;  no  useful  areas  of 
development  are  seen. 

Resource  Allocation 

Comments  similar  to  those  made  on  the  EsteQ>lishment 
process  can  be  made  on  the  variability  of  the  strength 
allocation  to  the  Officer  Corps.  However,  in  the  case  of 
strength  allocation  where  a  single  figure  is  provided  as 
input  to  the  model,  reaction  to  a  change  is  relatively 
single . 

Within  the  Officer  Corps,  the  allocation  of  the 
manpower  resource  to  Categories  and  ranks  is  based  on 


arbitrary  rules.  The  implicit  assumption  is  that  these 
rules  provide  the  best  allocation  of  manpower,  vdien  allo¬ 
cated  strength  falls  short  of  the  Establishment.  A  chcuige 
in  either  the  strength  allocation  or  the  total  Establish¬ 
ment  could  induce  a  change  in  the  rules.  For  example, 
if  Establishment  grows  while  allocation  strength  declines, 
the  present  rules  will  result  in  very  (perhaps  unaccept¬ 
ably)  low  manning  levels  at  the  junior  ranks.  The  con¬ 
verse  is  also  true.  However,  if  either  of  these  situa¬ 
tions  arise  in  the  future,  these  problems  will  become 
evident  in  the  manual  system.  The  ROS  model  may,  though, 
give  an  early  indication  of  unacceptadsle  imbalances 
between  the  rauiks,  in  which  case  the  prediction  produced 
by  the  model  could  be  used  to  make  changes  in  the  strength 
allocation  rules. 

Finally,  there  is  interaction  between  officer 
wastage  rates  and  the  strength  allocations  made  to  the 
Officer  Corps.  When  wastage  increases,  larger  numbers  of 
recruits  are  required.  In  the  Royal  Australian  Air  Force, 
a  substantial  portion  of  these  recruits  is  provided  by 
the  Officer  Cadet  Corps,  which  has  its  own  strength  allo¬ 
cation  extracted  from  the  Royal  Australian  Air  Force's 
allocation  to  both  the  Officer  and  Cadet  Corps.  An 
increase  in  the  Cadet  Corps  is  accomplished  at  the  expense 
of  the  strength  of  the  Officer  Corps.  Since  the  Cadet 
Corps  provides  future  officers,  it  has  first  call  on  the 


strength  allocation.  Thus,  as  wastage  rates  rise,  there 
is  a  second  order  interaction  with  the  Officer  Corps 
strength  allocation.  Such  an  effect  is  expected  in  about 
five  years  when  the  "Vietnam  Hun^"  reaches  the  twenty 
years  of  service/eligibility  for  a  pension/high  resigna¬ 
tion  rate  zone.  Analysts  should  be  aware  of  this  inter¬ 
action  and  be  prepared  to  iteratively  develop  new  strength 
allocations. 

This  effect  could  be  modeled  by  treating  the 
Authorized  Terminal  Strength  passed  to  the  model  at  the 
combined  Officer  and  Cadet  Corps  allocation  and  using  a 
decision  rule  to  divide  the  allocation  between  the  two 
Corps.  This  comment  outlines  a  possible  development  of 
the  ROS  model. 

Wastage 

The  structure  of  the  Royal  Australian  Air  Force 
is  most  affected  by  wastage  of  officers.  Each  year, 
between  200  and  300  officers  leave  the  Service,  while 
growth  in  recent  years  has  been  only  about  50.  Only  in 
recent  years  has  the  sensitivity  of  the  structure  to 
wastage  been  recognized,  and  readily  accessible  and 
detailed  data  bases  on  losses  of  officers  only  extend  back 
to  1  January  1975.  Thus,  there  are  only  about  1500  cases 
from  which  to  draw  inferences. 


One  of  the  problems  with  making  predictions  from  a 
small  data  base  is  the  problem  of  small  seunple  size.  If 
similar  work  were  being  done  in,  say,  the  United  States 
Air  Force,  an  annual  loss  rate  of  6  percent  per  annum 
would  produce  7800  losses  from  a  force  size  of  130,000 
officers.  This  large  wastage  data  base  would  allow  reajon- 
cd}ly  accurate  statistical  evaluation  to  be  made.  In  the 
case  of  the  Royal  Australian  Air  Force  the  estimation 
methods  are  limited  by  the  amount  of  data  available. 

Ideally,  wastage  estimations  would  be  made  using 
all  the  variables  that  describe  each  officer;  i.e.,  years 
of  service.  Category,  rank,  2md  time  in  rank.  Just  using 
the  first  three,  years  of  service  (forty  years  maximum). 
Category  ( twenty- f ive ) ,  and  rank  (seven)  gives  7000  pos¬ 
sible  data  points.  The  actual  modeling  method  is  to  use 
years  of  service  (forty)  and  Branch  (five)  to  give  200 
data  points.  The  assun^tion  made  is  that  the  most  impor¬ 
tant  factor  in  determining  wastage  is  years  of  service, 
with  modifications  to  the  wastage  patterns  being  imposed 
by  the  Branch.  The  method  of  determining  the  expected 
value  of  wastage  is  to  divide  the  strength  of  the  Officer 
Corps  into  the  200  cells  of  years  of  service  and  Branch, 
then  determine  the  losses  from  each  cell.  These  loss 
rates  then  become  the  expected  values  for  wastage  used  in 
the  model.  A  second  problem  arises  at  this  point.  If 
reasonably  large  losses  per  cell  are  to  be  obtained  to 


98 


reduce  variability,  a  large  ntunber  of  observations  must 
be  obtained.  The  problem  is  that  if  large  numbers  are 
obtained  by  using  several  years  of  data,  the  wastage  pat¬ 
terns  may  be  out  of  date  by  several  years. 

The  requirement  to  limit  the  representation  of 
wastage  patterns  by  Branch  is  reasonable  in  those  cases 
where  the  Br^Lnch  is  homogeneous  (e.g.,  the  General  Duties 
and  the  Engineering  Branch) ,  but  may  lead  to  inaccuracies 
in  other  Bremches,  such  as  the  Special  Duties  and  the 
Medical  Branch.  For  example,  can  Administrative  Officers 
be  expected  to  have  the  same  wastage  patterns  and  rate  as, 
say.  Air  Traffic  Control  Officers?  Another  example  is 
the  wastage  behavior  of  Doctors  and  Nurses. 

Another  wastage  factor  is  the  effect  of  internal 
and  external  forces  on  each  officer  to  leave  the  Service. 
This  problem  is  perhaps  best  described  by  an  example. 
Several  years  ago,  there  was  a  world-wide  surplus  of 
engineers.  As  a  result,  fewer  people  entered  engineering 
courses.  Meanwhile,  the  situation  throughout  the  world 
changed  and  there  is  now  a  world-wide  shortage  of  engineers 
This  cycle  has  teUcen  place  in  less  than  ten  years.  A 
counter  cycle  seems  to  be  occurring  for  doctors,  at  least 
in  Australia.  These  changes  in  external  employment  oppor¬ 
tunities  can  reduce  the  predictive  power  of  the  simulation. 
Internal  changes  can  change  wastage  rates.  For  example, 
the  United  States  Air  Force  is  adsout  to  offer  bonuses  to 
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Engineering  Officers  (no  doubt  as  a  result  of  the  shortage 
mentioned  above) ;  if  this  measure  is  as  effective  as  is 
hoped,  wastage  amongst  the  eligible  cohort  will  decrease, 
while  recruitment  will  improve.  Such  a  situation  will 
introduce  a  discontinuity  both  into  the  structure  of  the 
Service,  and  the  wastage  rates  for  these  officers.  Pre¬ 
dicting  these  discontinuities  is  practically  in^ssible. 

A  further  example  is  the  effect  of  gender  on 
wastage  patterns.  In  recent  years,  the  Royal  Australian 
Air  Force  has  been  accepting  greater  numbers  of  women 
officers  and  this  trend  can  be  expected  to  continue. 

Women  officers  have  a  substcuitially  different  wastage 
pattern  from  men;  they  tend  to  leave  the  Service  much 
sooner.  At  present,  there  are  less  than  250  women  offi¬ 
cers  in  the  Royal  Australian  Air  Force,  and  the  effect  of 
the  different  wastage  patterns  is  in  practice  insignifi¬ 
cant.  However,  if  the  increased  recruiting  of  women  con¬ 
tinues,  some  allowance  will  have  to  be  made  for  this  factor 
or  the  model  will  produce  distorted  results.  The  only 
change  needed  is  to  accurately  represent  the  wastage,  pat¬ 
tern  of  women  officers.  While  this  may  require  the  expan¬ 
sion  of  the  data  base  variables  to  include  gender,  the 
present  method  of  processing  will  make  the  required  predic¬ 
tions  . 

One  aspect  of  wastage  that  has  not  been  included 
at  all  is  "age"  retirement.  The  Royal  Australian  Air  Force 


does  have  mandatory  retirement  for  all  officers  when  they 
reach  a  certain  age.  This  age  depends  on  the  officer's 
rank  and  Branch.  The  reason  for  not  including  this  fac¬ 
tor  into  the  wastage  algorithm  is  that  age  retirement 
accounts  for  a  very  small  proportion  of  total  losses 
(about  15  percent) ,  and  this  figure  is  diminishing  each 
year;  with  current  wastage  rates,  the  average  years  of 
service  for  the  Officer  Corps  is  decreasing.  Furthermore, 
there  is  a  high  correspondence  between  years  of  service 
aind  age,  and  the  wastage  patterns  presently  used  tend  to 
capture  age  retirement.  Finally,  adding  age  retirement  to 
the  wastage  model  would  require  an  additional  variable  in 
the  data  base~the  date  of  birth  of  each  officer.  Model¬ 
ing  age  retirement  explicitly  could  be  a  useful  addition 
to  the  model,  particularly  if  the  average  age  of  officers 
on  their  departure  from  the  Service  rises,  as  could  happen 
if  wastage  rates  drop  significantly. 

This  discussion  highlights  the  assumptions  and 
approximations  made  on  wastage  by  the  model.  They  are: 

1.  Wastage  may  be  adequately  represented  by.  a 
wastage  model  based  on  years  of  service  and 
Branch; 

2.  The  past  two  years  of  wastage  data  provide  a 
reasonable  representation  of  future  wastage 
patterns ; 


3.  Wastage  patterns  in  a  Branch  are  representa¬ 
tive  of  the  wastage  patterns  for  each  Category 
within  the  Branch; 

4.  Changes  in  internal  and  external  (to  the  Royal 
Australian  Air  Force)  conditions  can  be  repre¬ 
sented  by  shifting  the  whole  wastage  table  by 
some  factor; 

5.  There  is  no  difference  between  the  wastage 
patterns  for  men  or  women  officers;  and 

6.  No  explicit  treatment  of  age  retirement  is 
included  in  the  ROS  model. 

The  foregoing  suggests  that  consider£d>le  work 
could  be  done  on  the  section  of  the  model  that  predicts 
wastage.  Such  work  will  be  difficult/  and  the  problems 
go  beyond  the  problem  of  small  scunple  sizes.  A  common 
method  of  creating  such  models  is  to  use  multiple  regres¬ 
sion  techniques.  These  models  cannot  be  used  here  as  the 
factors  generating  wastage  are  not  continuous.  An  example 
is  eligibility  for  a  pension.  Prior  to  twenty  years  of 
service,  an  officer  is  ineligible  for  a  pension.  After 
becoming  eligible,  the  wastage  rate  increases  by  about  an 
order  of  magnitude.  To  see  this  effect,  examine  the 
SYSDATA  wastage  table  or,  alternatively,  examine  Figure  6.1 
which  shows  a  plot  of  the  wastage  rates  for  General  Duties 
officers,  one  of  the  five  wastage  tables  Included  in  the 
SYSDATA  file.  Although  regression  models  show  some 


correlation  of  wastage  rates  with  years  of  service  (e.g., 
the  General  Duties  Branch  rates  exhibit  a  correlation 
coefficient  of  0.51),  the  accuracy  of  the  linear  predic¬ 
tion  is  reduced  by  the  discontinuity  of  the  underlying 
process  generating  the  wastage.  The  approach  teUcen  here 
is  to  determine  wastage  using  a  probability  approach: 
years  of  service  and  Branch  data  are  used  to  determine  the 
cell  from  which  the  probability  of  wastage  is  drawn;  in 
turn,  this  probability  is  compared  with  a  computer¬ 
generated  random  number  to  determine  whether  the  indi¬ 
vidual  leaves  the  Service.  This  method  is  seen  as  prefer- 
2d)le  to  determining  wastage  from  a  ftinction. 

Although  such  examinations  of  wastage  are  highly 
desirable,  the  study  could  be  expected  to  be  very  diffi¬ 
cult.  One  suggestion  to  improve  the  consistency  of  the 
predictions  is  to  use  the  same  approach  as  in  the  present 
model  but  to  classify  Category  wastage  patterns  by  their 
similarity,  rather  than  by  Branch.  Statistical  techniques 
such  as  the  Pearson  Correlation/Chi-square  test  (Mendenhall, 
Scheaffer,  and  Wackerly,  1981:549)  could  be  used  to. 
classify  wastage  patterns.  This  approach  could  address 
the  problem  of  different  patterns  between  men  and  women 
officers.  Other  facets  of  such  an  investigation  could  be 
the  determination  of  the  optimum  number  of  wastage  pat¬ 
terns  to  retain  in  the  model,  and  the  effects  of  age 
retirement  on  wastage. 
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Promotion 


The  area  of  the  BOS  model  that  departs  most  frcnn 
the  ideal  of  isomorphism  is  the  promotion  algorithm.  The 
problem  is  that  competitive  promotions  are  (theoretically) 
based  on  the  quality  of  the  eligible  officers.  Coping 
directly  with  "quality"  issues  in  a  quantitative  model  is 
very  difficult;  in  fact,  nudcing  a  model  that  has  the  neces¬ 
sary  one-to-one  relationship  with  the  real  world  is  impos¬ 
sible  for  the  following  reason.  An  accurate  promotion 
model  can  be  made  using  a  regression  model  containing  per¬ 
formance  assessments  and  seniority;  such  a  model  was  con¬ 
structed  in  Personnel  Division  and  was  predicting  well 
over  90  percent  of  promotions  (Mills,  1979-81).  While 
this  would  allow  the  model  to  advance  one  year,  the  diffi¬ 
culty  then  becomes  generating  the  performance  assessments 
for  each  individual  in  the  subsequent  years. 

Cognizance  of  this  problem  led  to  the  use  of  the 
present  promotion  algorithm.  The  promotion  model  uses 
time  in  rank  as  the  prime  predictor  of  promotion.  This 
is  a  reasonable  practice,  as  promotion  boards  have  recently 
been  using  a  weighting  factor  of  up  to  one  standard  devia¬ 
tion  per  year  to  bias  promotions  to  favor  the  officers 
with  seniority.  Although  this  practice  is  not  written 
down  as  policy,  it  can  be  easily  demonstrated  with  regres¬ 
sion  analysis.  (This  work  was  done  by  the  author  during 
his  tour  in  the  Directorate  of  Personnel  Officers-Air  Force, 


in  order  to  help  formulate  the  promotion  algorithm  used 
by  the  ROS  model.)  Furthermore,  given  the  high  correla¬ 
tion  of  promotion  selection  with  time  in  rank,  using  this 
selection  method  is  likely  to  provide  good  predictions  of 
the  behavior  of  the  promotion  system,  even  if  individual 
officers  are  not  modeled  exactly.  To  model  the  fact  that 
job  performance  is  also  a  factor,  a  random  selection  of 
officers  is  made,  starting  with  the  most  senior  in  rank. 

The  model  will  fail  to  promote  if  the  random  number  drawn 
for  the  officer  is  larger  than  a  parameter  for  that 
Category/rank  cell.  The  process  continues  until  all 
eligible  officers  have  been  examined.  In  most  cases,  the 
available  vacancies  will  be  filled  before  reaching  the  most 
junior  officers  in  the  rank  who  are  eligible,  thereby 
generally  promoting  the  most  senior  before  the  most  junior, 
yet  selecting  a  mix  of  officers. 

The  eligibility  issue  bears  discussion.  The 
minimum  time  in  rank  to  become  eligible  is  shown  with  cer¬ 
tainty,  as  this  is  determined  as  policy  by  Personnel  Divi¬ 
sion  and  is  fairly  stable.  Generally,  an  officer  must  have 
four  years  time  in  rank  to  be  considered  for  promotion. 
However,  this  minimum  time  in  rank  can  be  different, 
usually  as  the  result  of  substantial  deficiencies  or  sur¬ 
pluses  of  officers  eligible  for  promotion.  For  example. 
Flight  Lieutenant  Doctors  may  (in  this  version  of  the 
model)  be  promoted  with  only  two  years  time  in  rank,  while 
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Flight  Lieutenant  Air  Traffic  Controllers  require  a 
mininnun  of  six.  The  minimum  time  in  rank  to  become  eligible 
is  likely  to  change  when  the  supply  of  officers  eligible 
for  promotion  changes,  although  in  the  present  implementa¬ 
tion  of  the  model,  this  figure  is  assumed  to  be  constant 
for  the  duration  of  the  simulation.  The  concept  of  maximum 
time  in  rank  for  eligibility  is  used  in  the  model  but  has 
no  parallel  in  the  promotion  practices.  However,  some  offi¬ 
cers  have  such  low  performance  assessments,  that  they  are 
effectively  "unpromotable"  or,  alternatively,  they  may 
advise  the  Director  of  Personnel  Officers-Air  Force  that 
they  do  not  wish  to  be  promoted.  Examination  of  the  Air 
Force  List,  Australian  Air  Publication  598  (this  document 
annually  lists  all  Royal  Australian  Air  Force  officers; 
see  the  reference  list  (1981)),  shows  this  number  to  be 
ad>out  15  percent  of  eligible  officers.  Modeling  the 
"unpromotable"  officers  is  achieved  by  declaring  a  five- 
year  promotion  zone;  if  eui  officer  has  not  been  promoted 
after  five  years  of  being  eligible  for  promotion,  he  is 
deemed  "unpromotedjle . "  At  present  the  promotion  probabil¬ 
ity  is  set  at  0.3.  Thus,  if  an  officer  is  examined  each 
year  for  five  years,  the  probability  of  nonpromotion  is: 

(0.7)**5  »  0.168 

Thus,  the  generation  of  "unpromotable"  officers  closely 
follows  the  current  behavior  of  the  promotion  system. 


The  analyst  has  three  parameters  to  describe  the 
promotion  system — minimum  time  in  rank  to  be  eligible, 
the  promotion  prob£U3ility,  and  the  maximum  number  of  oppor¬ 
tunities  for  promotion.  The  first  parameter  is  effectively 
fixed.  The  analyst  may  "juggle”  the  second  two  pareuneters 
to  produce  an  acceptedsly  accurate  representation.  For 
exeunple,  to  reduce  the  bias  :for  seniority,  increase  the 
promotion  probability,  while  reducing  the  time  the  officer 
remains  eligible,  at  the  same  time  select  parameters  that 
produce  a  comparable  number  of  "unpromotediles. "  To  demon¬ 
strate,  the  promotion  probability  could  be  increased  to 
0.45,  while  the  eligible  period  decreased  to  three  years. 
This  would  yield  a  probability  of  nonpromotion  of: 

(0.55)**3  -  .166 

Only  the  ranks  Flight  Lieutenant,  Squadron  Leader 
and  Wing  Commander  compete  for  promotion.  For  the  Flying 
Officer  rank,  promotion  is  automatic  at  minimum  time  in 
rank,  although  some  (albeit  very  few)  officers  do  not 
con^lete  promotion  examinations  in  time  and  have  their 
promotions  delayed  for  a  year  or  so.  Most  of  these  offi¬ 
cers  are  subsequently  promoted.  In  the  ranks  of  Group 
Captain  and  Air  Commodore,  %diere  numbers  are  small,  pro¬ 
motion  is  simply  based  on  seniority. 

The  foregoing  suggests  that  the  following  assuxq}- 
tions  and  approximations  have  been  made  for  the  promotion 
process: 


1.  The  promotion  process  will  be  unchanged  for 
the  period  of  the  simulation; 

2.  The  promotion  process  ceui  be  adequately  repre¬ 
sented  by  the  factors: 

a.  Minimum  time  in  rank, 

b.  Fixed  number  of  chances  for  promotion, 

c.  Probability  of  promotion  in  any  year; 

3.  The  most  senior  officers  in  a  rank  will  have 
the  first  opportunity  for  selection; 

4.  Senior  officers  will  be  promoted  in  seniority 
order ;  and 

5.  Junior  officers  (Flying  Officers)  will  be 
promoted  on  reaching  minimum  time  in  retnk. 

Some  suggestions  for  improvements  can  be  made. 
Firstly,  an  examination  of  promotion  data  has  not  yet  been 
made  to  determine  the  best  set  of  parameters;  the  param¬ 
eters  used  have  been  based  on  the  judgement  of  the  author, 
as  time  did  not  permit  the  necessary  data  analysis  to  be 
con^leted.  This  process  of  data  refinement  should  be 
carried  out  as  part  of  the  implementation  of  the  model. 
Secondly,  the  algorithm  itself  could  be  extended  to  include 
the  failure  of  some  Flying  Officer  to  be  promoted,  and/or 
extend  the  competitive  promotion  system  to  the  ranks  of 
Group  Captain  and  Air  Commodore.  Other  than  these  minor 
in^rovements,  which  may  not  be  necessary  at  the  level  of 
accuracy  desired,  the  opinion  of  the  author  is  that  the 


present  algorithm  is  prob^d^ly  the  best  that  can  be  done 
in  this  difficult  (to  simulate)  area. 


Recruitment 

Recruitment  is  at  the  end  of  the  processing  chain 
and  is  sufficiently  complex  to  deserve  modeling  in  its  own 
right.  However,  in  the  ROS  model,  the  output  of  the 
recruiting  system  is  modeled  as  a  single  input  figure  for 
each  Category,  with  a  constraint  of  meucimum  number  of 
recruits  in  that  Category  imposed;  the  program  selects 
the  lesser  of  the  demand  and  this  constraint.  A  new  con-> 
straint  figure  is  provided  for  each  year  of  the  simulation 
In  addition  to  the  constraint,  recruits  (more  correctly 
called  "appointees")  are  injected  with  a  number  of  years 
of  service.  Finally,  in  some  Categories,  officers  are 
appointed  at  Flight  Lieutenant  rather  than  Flying  Officer 
rank.  These  pareuneters  are  discussed  below. 

Recruiting  Constraints.  The  variable  "MAXREC" 
contains  this  constraint.  The  purpose  of  this  variiddle  is 
to  allow  the  model  to  represent  limits  on  recruiting,  that 
may  arise  from  a  number  of  resources.  The  most  common 
limitation  on  recruiting  is  simply  a  lack  of  sufficient 
volunteers  from  which  to  select  sufficient  officers  of 
the  required  minimum  quality  to  meet  recruiting  require¬ 
ments.  An  example  is  in  the  Engineer  Branch.  Despite 
vigorous  recruiting  efforts,  the  demand  for  Engineers  in 


I 


the  community  exceeds  supply,  and  the  Royal  Australian 
Air  Force  cannot  get  sufficient  volunteers.  (The  problem 
is  at  least  partially  solved  by  obtaining  Royal  Australian 
Air  Force  Engineers  via  an  officer  cadet  scheme.)  A 
second  source  of  limitation,  is  a  limited  training  resource, 
which  may  arise  from  the  number  of  instructors  available, 
or  the  facilities.  For  example,  presently  the  Royal 
Australian  Air  Force  is  having  some  difficulty  providing 
officers  with  their  initial  introductory  training  course; 
only  200  to  220  positions  are  available  annually,  and  these 
must  be  apportioned  amongst  the  Categories.  Determining 
the  recruiting  constraints  thus  takes  some  skill,  and  a 
substudy  may  be  required  to  provide  accurate  figures. 
Although  the  recruiting  constraint  is  a  complex  issue,  it 
may  be  adequately  represented  by  a  single  number  for  each 
Category  for  each  year  of  the  simulation. 

Years  of  Service  on  Recruitment.  There  are  several 
paths  to  appointment  as  an  officer;  the  number  of  paths 
depends  on  the  Category.  For  example,  in  the  case  of  the 
Pilot  Category,  the  path  is  either  via  the  Royal  Australian 
Air  Force  Academy,  when  the  officer  will  have  four  years 
of  service  on  appointment,  or  via  the  officer  cadet  pilot 
training  scheme,  where  the  officer  will  be  appointed  with 
a  little  more  than  one  year  of  service.  Airmen  of  the 
Royal  Australian  Air  Force  may  also  become  officer  cadets 
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in  which  case  they  may  have  several  more  years  of  service. 

In  other  categories  officers  may  be  appointed  directly, 
in  which  case  they  will  have  no  years  of  service  on  appoint¬ 
ment.  Again,  airmen  may  be  appointed  directly  with  several 
years  of  service.  If  all  reciruits  are  "created”  with  zero 
years  of  service,  the  subsequent  representation  of  wastage 
will  not  be  accurate  as  the  recruits  will  not  be  placed 
in  the  correct  "bin"  of  years  of  service  when  wastage 
probability  is  being  determined.  A  simple  solution  to  this 
problem  is  adopted  in  the  present  implementation  of  the  ROS 
model.  When  a  recruit  is  generated,  the  figure  used  for 
years  of  service  on  appointment  is  that  obtained  from  the 
system  data  parameter  "YOSREC."  This  simple  representation 
is  not  entirely  satisfactory,  since  all  recruits  in  a 
Category  have  one  value  of  years  of  service  while,  in 
reality,  they  have  a  distribution  of  years  of  service.  The 
effect  is  noticeable  as  a  discontinuity  when  the  Category 
years  of  service  are  listed  via  the  Tabulate  option.  The 
solution  to  the  problem  would  be  to  draw  recruits  from  a 
distribution  that  accurately  describes  the  years  of  ser¬ 
vice  distribution  for  each  Category.  A  possibility  would 
be  a  lognormal,,  with  values  rounded  to  integers.  Although 
this  enhancement  may  appear  to  be  desirable,  it  may  not 
be  necessary.  Generally,  the  model  will  only  be  used  to 
predict  manpower  states  for  a  period  of  five  years  or  so. 

The  distortions  induced  by  a  single  value  for  years  of 
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service  on  recruitment  over  this  time  period  are  expected 
to  be  minor.  A  further  approximation  on  years  of  service 
on  appointment  is  that  the  number  is  necessarily  an 
integer.  Since  most  officers  are  appointed  in  the  begin¬ 
ning  of  the  year,  the  minimum  value  that  is  used  is  zero, 
typically  in  the  Categories  where  the  majority  of  recruits 
are  directly  appointed  civilians.  In  other  cases,  the 
value  used  is  the  nearest  integer  of  the  average  of  the 
years  of  service  in  appointment. 

Rank  on  Appointment.  In  some  Categories  (namely 
LEGAL,  DOCTOR,  and  DENTIST) ,  officers  are  appointed  with 
one  year  of  service,  but  at  Flight  Lieutenant  rank.  Since 
there  are  few  exceptions  to  this  rule  this  provides  an 
accurate  representation  of  current  policy.  Should  lateral 
recruiting  become  a  significant  source  of  recruitment, 
for  exeunple  as  a  result  of  recruiting  officers  from  other 
Sexrvices  with  substantial  experience,  leading  to  appoint¬ 
ment  at  ranks  up  to  Wing  Commander,  some  modification  to 
the  progreua  would  be  required. 

Summary  of  Assumptions  and  Approximations.  The 
following  is  the  summary  of  assumptions  and  approxi^nations 

1.  The  output  of  the  recruiting  system  can  be 


adequately  described  by  a  constraint  on 
recruits  for  each  Category  for  each  year  the 
simulation  will  be  run; 
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2.  A  single  figure  is  used  to  represent  the  years 
[  of  service  of  a  recruit  on  appointment,  this 

value  is  considered  to  be  stable  through  the 
simulation;  and 

j  3.  In  some  Categories,  rank  on  appointment  may  be 

Flight  Lieutenant  rather  than  Flying  Officer, 
but  no  higher. 

^  Enhancements .  The  model  could  be  made  more  accu¬ 

rate  by  using  a  distribution  to  generate  years  of  service 

on  appointment,  although  for  short  simulation  periods 

I 

(five  years  or  less),  the  inaccuracies  are  expected  to 
be  minor.  Another  improvement  could  be  an  extension  to 
the  recruitment  algorithm  to  allow  appointment  at  several 

I 

rank  levels.  Again,  a  distribution  of  levels  would  be 
required.  This  extension  of  the  model  would  only  be 
required  if  lateral  recruiting  becomes  significant. 

I 

Costing 

The  cost  report  generator  expresses  the  structure 
of  the  Service,  and  the  recruiting  undertaken,  in  dollars. 
The  purpose  of  this  report  is  to  allow  comparisons  to  be 
made  with  other  activities  in  the  Service,  which  are  also 
expressed  in  cost  terms. 

Cost  Timings.  The  most  difficult  issue  in  present' 


ing  costs,  while  using  reasonably  simple  concepts,  is  the 


question  of  timing  of  cost  accrual.  The  cost  report 
attempts  to  provide  cost  summaries  for  the  preceding  year 
of  the  simulation  report  date.  This  classification  of 
report  type  is  important;  all  other  reports  either  give 
the  state  of  the  Service  on  a  particular  date  (usually 
1  January) ,  or  the  events  that  have  occurred  in  the  pre¬ 
vious  twelve  months  (e.g.,  number  wasted,  promoted, 
recruited) .  The  latter  case  is  used  for  the  cost  report. 
This  means,  though,  if  the  costs  for  the  calendar  year 
1984  are  required,  the  simulation  must  be  advanced  to 
1  January  1985,  then  the  costing  report  obtained.  A 
second  issue  is  the  representation  of  training  costs. 

In  many  cases  (e.g..  Engineer  officer  cadets),  the 
appointees  may  have  undergone  several  years  of  training 
by  the  time  they  are  appointed.  The  present  implementa¬ 
tion  provides  a  single  cost  figure  for  this  training.  The 
effect  is  for  such  reciruits  to  bring  several  years  of 
costs  with  them.  Furthermore,  this  single  figure  assumes 
a  constant  mix  of  officers  from  the  several  avenues  of 
entry  to  the  Officer  Corps.  When  the  recruiting  process 
is  volatile,  the  mix  may  change  and  the  costs  no  longer 
accurate . 

Errors  in  Salary  Costs.  Some  minor  errors  are 
inherent  in  the  costing  process.  Firstly,  only  seven  of 
the  nine  ranks  (in  which  there  are,  on  average,  at  least 


one  person)  of  the  Royal  Australian  Air  Force  are  repre¬ 
sented  in  the  ROS  model.  The  Pilot  Officer  rank  is  merged 
with  the  Flying  Officer  rank  as  the  former  is  effectively 
a  probationary  rank.  However,  salaries  are  lower  in  the 
Pilot  Officer  rank  and  so  the  model  overestimates  costs 
by  excluding  this  rank  (so  long  as  Flying  Officer  rank 
salaries  are  used  for  all  officers  in  the  rank) .  The 
error  is  not  severe.  A  check  of  the  Air  Force  List  (see 
references)  shows  only  150  pilot  officers  in  the  Officer 
Corps.  The  difference  between  Pilot  Officer  and  Flying 
Officer  salary  (at  January  1982)  is  $1200  per  annum, 
making  the  error  an  overestimation  in  estimation  about 
$180,000  per  annum,  or  edsout  0.17  percent  of  total  salary 
costs,  which  are  about  $107M  per  annum.  Moreover,  this 
error  is  offset  by  the  salaries  received  by  officers  who 
have  been  commissioned  from  the  rank  of  sergeant  or  above 
who  receive  a  higher  salary  until  reaching  the  rank  of 
Squadron  Leader.  The  precise  number  of  officers  in  this 
Category  cemnot  be  accurately  determined  with  the  data 
available;  however,  about  fifteen  such  commissions  per 
year  occur.  Assuming  these  officers  serve  for  an  addi¬ 
tional  nine  years  at  a  salary  differential  of  2500  (again 
January  1982  figures) ,  the  error  in  this  category  is 
15x  9  x  2500,  or  $337,500.  Taking  into  account  the  over¬ 
estimation  of  salaries  of  Pilot  Officers,  the  cumulative 
error  in  the  total  salary- costs  is  an  underestimation  of 


about  $157,000  or  0.15  percent.  Finally,  Chaplains  (who 
have  not  been  mentioned  before  and  who  are  not  included 
in  the  model  since  their  advancement  is  different  from  the 
rest  of  the  Service)  could  be  included.  Assuming  the 
thirty  Chaplains  in  the  Service  receive  an  average  salary 
of  $25,000,  the  salary  for  these  officers  is  $750,000,  now 
restoring  the  balance  to  an  underestimation  of  the  total 
salary  costs  by  about  $593,000  or  about  0.55  percent.  The 
importance  of  these  costs  depends  on  the  use  to  which  they 
will  be  put.  The  present  manual  system  of  estimation 
allows  an  error  of  0.3  percent,  thus  the  present  method 
of  estimation  is  marginally  acceptable.  With  some  addi¬ 
tional  support  studies  to  balance  the  salary  figures, 
rather  than  using  the  salaries  directly  from  the  salary 
scales,  greatly  improved  accuracy  could  ensue.  A  final 
source  of  inaccuracy  in  salary  costs  is  the  assumption  made 
about  the  average  strength  of  the  Officer  Corps.  The 
present  assumption  is  that  the  basis  for  the  year's  costs 
is  the  structure  extant  on  the  first  of  January  is  the 
structure  for  the  whole  year.  Since  the  model  steps  for¬ 
ward  in  a  time  step  of  a  year,  the  changes  within  the  year 
cannot  be  modeled  directly,  and  some  assumption  must  be 
made  about  the  strength  change  process.  The  decision  made 
here  is  to  let  the  final  strength  represent  the  structure 
for  the  preceding  year.  This  assumption  is  the  best  that 
can  be  made  under  the  circumstances;  at  present  there  is 
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no  definitive  Department  of  Defence  policy  on  itieuiaging 
strength  changes.  When  an  increase  is  allowed,  the  Ser¬ 
vices  try  to  maximize  gains  early  in  the  calendar  year  as 
this  is  the  most  favoreJale  time  for  recruiting.  Further¬ 
more,  most  officer  resignations  take  place  at  this  time. 
Thus  the  assxunption  used  is  the  most  reasonable  one,  given 
the  limited  resolution  of  the  model  in  this  area.  Improved 
accuracy  of  costs  C2ui  be  obtained  by  using  average  strength 
rather  than  the  Authorized  Terminal  Strength.  Notwithstand 
ing  the  foregoing,  the  advantage  of  the  modeling  approach 
over  the  present  method,  which  is  a  manual  projection  from 
last  year's  figures,  is  that  the  model  will  make  adjust¬ 
ments  to  costs  that  result  from  the  structural  changes  in 
the  Service,  whereas  the  present  methods  do  not.  Given 
that  the  data  are  already  in  the  model,  the  ROS  progr2uii 
will  provide  estimates  with  much  less  work. 


Errors  in  Training  Costs.  The  stability  euid 
accuracy  of  costs  is  much  less  satisfactory  in  the  case  of 
the  estimation  of  training  costs.  One  difficulty  in  the 
model  is  that  the  cost  of  all  recruits  is  considered  to 
be  incurred  in  the  year  of  recruitment,  while  the  costs 
may  actually  be  sustained  over  several  years.  Sin^licity 
of  the  model  is  the  reason  for  this  cost  treatment.  This 
assumption  will  not  give  large  errors  in  a  stable  Service; 
however,  when  the  wastage  rate  is  changing,  the  costs  will 


lag  actuality.  The  concept  of  costing  the  training  used 
to  replace  wastage  and  accommodate  growth  is  a  new  one, 
and  great  difficulty  has  been  experienced  obtaining  repre¬ 
sentative  costs.  No  directives  within  the  Australian 
Department  of  Defence  that  detail  the  costing  of  training 
(i.e.,  what  costs  are  to  be  included)  are  extant.  This 
facility  of  the  model  should  be  thought  of  as  "experi¬ 
mental,"  waiting  in  the  wings  until  a  need  is  expressed. 

The  concept  of  a  single  cost  for  each  Category  may  be  too 
sin^listic.  Given  the  "newness"  of  this  work,  the  decision 
was  made  to  make  estimates  of  the  Category  costs  per 
recruit  and  include  the  facility  more  as  a  demonstration 
of  what  can  be  done,  rather  than  suggesting  the  method  is 
the  final  word  in  accuracy.  Hopefully,  this  aspect  of  the 
model  will  be  developed  in  the  near  future.  Training  costs 
are,  of  course,  very  sensitive  to  wastage  rates.  If  an 
accurate  training  cost  model  can  be  developed,  tradeoffs 
between  additional  salary/conditions  of  Service  versus 
wastage  (and  hence  training  costs)  will  be  able  to  be 
made.  Such  information  could  add  considerable  credibility 
to  argiiments  presently  made  in  these  areas. 

Inflation  and  Net  Present  Value.  In  its  present 
form,  the  model  makes  no  allowance  for  inflation.  All 
costs  are  expressed  in  "now  year"  dollars,  where  the  salary 
scales  and  estimated  training  costs  in  the  base  year  are 


used  as  the  basis  for  the  whole  simulation.  Estimating 
future  inflation  is  fraught  with  difficulty.  Furthermore, 
Governments  traditionally  tend  to  represent  future  infla¬ 
tion  as  the  figure  they  would  like  rather  than  expect; 
this  approach  can  lead  to  gross  underbudgeting.  Similarly, 
estimation  of  net  present  value  has  not  been  made,  as  the 
discount  rate  is  subject  to  debate  and,  in  any  event,  the 
concept  of  net  present  value  is  not  widely  used  in  the 
Australian  Department  of  Defence,  at  least  not  as  widely 
as  in  the  United  States  Department  of  Defense.  Furthermore, 
training  and  salary  costs  cannot  be  either  paid  in  advance 
or  deferred,  effectively  negating  the  concept  of  accruing 
future  costs  to  present  value.  A  final  consideration  is 
the  use  that  is  to  be  made  of  the  cost  information.  If 
the  cost  data  output  from  the  model  is  used  to  estimate 
the  relative  (cost)  effect  of  changes,  the  advantage  of 
constant  dollars  is  that  direct  comparisons  can  be  made 
from  one  year  to  the  next.  Given  these  limitations  and 
considerations,  the  decision  was  made  to  simply  use  con¬ 
stant  dollars  throughout.  The  model  can  be  readily  modi¬ 
fied  to  include  inflation  or  net  present  value  calcula¬ 
tions,  should  this  be  necessary. 

Assumptions  and  Approximations  Made  in  the  Cost¬ 
ing  Report.  The  assumptions  and  approximations  made  in 
the  costing  report  are: 
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1.  Salary  Scales.  Three  salary  scales  are  con¬ 
sidered  sufficient  to  represent  the  salary 
costs  of  the  Royal  Australian  Air  Force, 
although  some  errors  are  inherent  in  this 
approach. 

2.  Structure  used  for  Costing  Salaries.  The 
model  uses  the  stmicture  extant  at  the  end  of 
the  year  as  a  basis  for  salaries  paid  in  the 
previous  year. 

3.  Training  Costs.  A  single  figure  is  used  to 
represent  the  cost  of  recruiting  and  training 
each  officer  who  enters  each  Category. 

4.  Inflation  and  Net  Present  Value.  No  allowance 
is  made  for  inflation  or  discounting  in  the 
cost  report. 

Development .  The  representation  of  costs  is  an 
entirely  new  development  of  the  model,  in  a  new  area  to 
the  Service,  namely  converting  the  representation  of  the 
Officer  Corps  into  a  cost  tcdsle  containing  both  salary 
and  training  costs.  At  present,  the  uses  for  this  informa¬ 
tion  are  largely  unknown.  Accordingly,  the  present  repre¬ 
sentation  should  be  considered  to  be  a  first  iteration. 
After  the  information  is  presented  and  potential  users 
appear,  the  second  iteration  can  start.  The  other  modules 
in  the  ROS  program  have  undergone  several  cycles  of 


module  should  be  examined  to  see  whether  adjustments  to 
the  data,  or  recoding  are  required  to  provide  the  neces¬ 
sary  information.  In  many  cases,  intelligent  use  of  data 
^ich  is  analytically  designed  to  represent  the  expected 
case,  can  produce  the  desired  result,  rather  than  pro¬ 
ducing  coii9)lex  code  that  must  be  frequently  eunended  to 
follow  changes  in  policy  and  practices  within  the  Royal 
Australian  Air  Force. 

Summary 

Since  the  ROS  simulation  is  discrete  and  steps 
forward  one  year  at  a  time,  while  the  actual  process  is 
virtually  continuous,  a  number  of  assumptions  and  approxi¬ 
mations  have  to  be  made.  An  understanding  of  these  allows 
the  analyst  to  make  the  most  effective  use  of  the  model. 
Furthermore,  areas  of  development  follow  immediately  from 
the  approximations. 

The  ROS  model,  like  any  "working”  simulation, 
should  not  be  considered  to  be  fixed;  most  modules  have 
already  been  through  several  iterations.  As  the  model  is 
used,  and  as  the  Service  finds  the  environment  changes, 
more  development  will  be  required  to  maintain  the  accuracy 
euid  usefulness  of  the  model.  The  descriptions  of  the 
assun^tions ,  approximations,  and  suggestions  for  develop¬ 
ment  are  designed  to  assist  this  iterative  development. 


Chapter  7 


VERIFICATION,  VARIABILITY  AND  VALIDATION 
Introduction 

The  svibject  of  interest  in  this  chapter  is  the 
issue  of  validity.  Two  terms  are  of  prime  interest; 
verification  and  validation.  Definitions  of  these  terms 
have  been  provided  by  Fishman  and  Kiviat  (Law  and  Kelton, 
1982:333-334)  and  are: 

1.  "Verification  is  determining  whether  a  simula¬ 
tion  model  performs  as  intended.” 

2.  "Validation  is  determining  whether  a  simula¬ 
tion  model  is  an  accurate  representation  of 
the  real-world  system  under  study . ” 

The  concepts  of  the  chapter  are  based  on  discus¬ 
sions  on  the  subject  recorded  by  Arnett  (1979) ,  Law  and 
Kelton  (1982) ,  Naylor  and  Finger  (1967) ,  and  Shannon  (1979) . 
The  intent  of  the  chapter  is  to  avoid  as  far  as  possible, 
the  philosophical  issues  in  the  validation  problem,  and 
concentrate  on  describing  a  simple,  straightforward 
strategy  that  can  be  used  by  analysts  to  validate  the  model 
as  changes  are  made.  The  reason  for  this  approach  is  that 
the  Royal  Australian  Air  Force  (RAAF)  Officer  Structure 
(ROS)  model  must  be  a  dynamic  entity,  changing  as 
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procedures  in  the  Royal  Australian  Air  Force  Personnel 
Division  change,  if  it  is  to  retain  its  usefulness.  A 
limitation  of  the  present  study  is  that  circumstances  pre¬ 
clude  the  completion  of  a  full  validation  cycle;  the  neces 
sary  data  cannot  be  obtained  from  the  sources  in  Australia 
in  time  to  complete  the  process. 

Approach .  The  sources  quoted  show  some  degree  of 
consensus  on  the  issue  of  validation.  Shannon  (1979:215- 
217)  includes  a  "utilitarian"  approach  and,  since  the 
model  is  designed  for  pragmatic  purposes,  this  is  the 
procedure  that  will  be  followed.  The  procedure  he  sug¬ 
gests  is: 

1.  Constructing  a  set  of  hypotheses  about  the  mianner 
in  which  the  sub-elements  interact  based  on  all 
available  information  including:  observations, 
previous  research,  relevant  theory,  <md  intuition. 

2.  Attempting  to  verify  the  assumptions  of  the  model 
whenever  possible  by  statistical  testing. 

3.  Comparing  the  input-output  tremsformations  of  the 
model  whenever  possible  with  those  of  the  real 
world. 

The  first  step  is  the  "face  validity”  issue  which  has  been 
closely  documented  by  the  foregoing  chapters  of  this 
study,  thus  further  comment  on  this  aspect  would  be  redun¬ 
dant.  The  rest  of  this  chapter  concentrates  on  the  issues 
of  verification  and  validation.  A  section  of  the  chapter 
discusses  the  variability  inherent  in  the  model  to  assist 
an  understanding  of  the  validity  tests. 


Philosophical  Base  for  the  ROS  Model.  Before  pro¬ 
ceeding,  two  "philosophical"  points  will  be  made.  The 
first  point  is  that  the  prime  assumption  of  the  model  is 
that  if  the  model  is  provided  with  accurate  data,  and  the 
processes  within  the  model  are  close  approximations  to  the 
real  world,  then  the  outputs  from  the  model  will  closely 
approximate  the  events  in  the  real  world.  This  is  the 
"expectation"  approach;  if  the  model  and  data  are  accurate, 
we  expect  the  predictions  made  by  the  model  to  be  the  "best 
estimate"  of  what  will  happen  in  the  real  world.  Follow¬ 
ing  from  this  idea  is  the  concept  of  updating  the  model. 

As  new  data  are  available  (or  new  processes  adopted) ,  the 
model  will  cease  to  provide  the  "expected"  outcome  until 
the  necessary  modifications  are  made.  The  second  point 
is  that  validation  is  measured  by  degree,  rather  than  by 
the  dichotomous  measure  of  being  either  "valid"  or 
"invalid."  The  model  is  "valid"  when  it  predicts  the  out¬ 
comes  in  the  real  world  with  sufficient  accuracy.  Shannon 
(1979:208-209)  discusses  the  tradeoff  between  cost  and 
benefit  of  a  model.  The  analyst  should  always  be  aware  of 
these  two  factors  and  cease  to  see]c  improvements  when  the 
model  is  providing  sufficient  accuracy. 

Verification 

Verification  is  relatively  easy  in  this  model, 
since  there  are  a  large  number  of  outputs  that  show  the 


details  of  the  state  of  the  model.  Examination  of  these 
reports  usually  shows  the  internal  functioning  directly. 
Considerable  work  has  been  done  on  verification  during 
the  development  of  the  model.  The  user  of  the  RAAF 
Officer  Structure  Model  (Director  of  Personnel  Officers- 
Air  Force)  and  the  developer  (Central  Studies  Establish¬ 
ment)  worked  closely,  and  many  iterations  of  verification 
were  carried  out  during  the  construction  of  the  model. 

The  subsequent  paragraphs  detail  the  processes  required 
for  a  complete  verification. 

The  analyst  attempting  to  verify  the  model  should 
have  a  copy  of  the  source  code,  plus  a  copy  of  the  estab¬ 
lishment,  system,  and  cost  data  files.  At  times  it  may 
oe  necessary  to  amend  the  code  to  provide  specific  diag¬ 
nostic  outputs.  (Mote  that  this  "debugging"  code  was 
removed  after  the  program  was  initially  verified.  Should 
changes  be  made  to  the  model,  the  revisions  should  be 
accompanied  with  new  versions  of  "debugging"  code.)  The 
model  output  can  then  be  compared  with  the  input  data  to 
form  the  verification  process.  One  assumption  that  will 
be  made  is  that  if  the  progreua  works  correctly  once,  it 
will  not  be  necessary  to  repeat  the  checks;  while  this  may 
appear  to  be  a  trivial  point,  it  obviates  the  need  to  make 
verifications  for  each  time  step  of  the  simulation. 
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EstcUjlishment.  The  Establishment  is  initially 
read  in  from  the  establishment  file.  To  check  the  segment 
print  the  Establishment/Target/Actual/Balance  (ETAB) 
table  using  the  "E”  option.  Check  for  conformity  between 
the  establishment  file  and  table.  Summaries  across  a 
Category,  Branch,  and  for  the  Royal  Australian  Air  Force 
will  have  to  be  checked  by  manual  addition.  Next,  advance 
the  model  using  the  "G"  (for  "GO")  option.  Print  the  ETAB 
table  again,  and  using  the  establishment  variations  in 
year  1  contained  in  the  Estedalishment  file,  check  to  see 
if  the  correct  variations  have  been  made.  Repeat  the  pro¬ 
cess  once  more  to  check  that  the  program  is  reading  the 
next  year's  variations  correctly.  A  common  error  that 
could  occur  here  is  the  deletion  of  a  Category  line; 
since  the  file  is  read  serially,  such  an  error  will  place 
all  subsequent  variations  out  of  phase  with  the  correct 
Category . 

Resource  Allocation.  The  program  allocates  the 
given  Authorized  Terminal  Strength  according  to  allocation 
rules  that  have  been  programmed,  rather  than  rules  based 
on  a  data  file.  Should  these  rules  change,  the  progreun 
will  have  to  be  amended,  and  a  new  verification  should 
follow.  Using  any  year  in  the  simulation,  nominate  the 
Authorized  Terminal  Strength  when  asked,  then  print  out 
the  resulting  ETAB  table.  Using  the  rules  for  strength 


allocation,  check  to  see  if  the  program  has  actually  fol¬ 
lowed  the  rules.  Be  aware  that  the  program  will  round  the 
values  to  an  integer.  Finally,  add  the  resultant  alloca¬ 
tions  to  ensure  that  the  Authorized  Terminal  Strength 
stated  to  be  used  is  actually  used.  Since  the  allocation 
process  is  the  same  from  year  to  year,  there  is  no  neces¬ 
sity  to  repeat  the  process. 

Wastage .  Wastage  is  the  first  stochastic  process 
in  the  model.  In  the  verification  of  wastage,  the  item  of 
interest  is  whether  the  model  is  correctly  identifying  the 
individual  officer  by  BreUich,  subsequently  selecting  the 
correct  wastage  table  and  years  of  service,  then  correctly 
comparing  the  random  number  with  the  probability  of 
wastage  found  from  the  wastage  table.  To  conqplete  these 
functions,  the  source  code  should  be  modified  to  provide 
the  necessary  output.  Subroutine  NEXTYE  should  be 
enhanced  to  print  the  individual  officer's  time  in  rank, 
years  of  service,  rank.  Category,  Branch,  significant 
change  indicator,  and  eligibility  for  promotion.  (Only 
years  of  service.  Branch,  and  significant  change  indicator 
are  required  here,  the  other  variables  can  be  used  for 
other  verification]  mentioned  below.)  Subroutine  ANS 
(=  answer)  should  be  modified  to  print  out  the  random 
number  selected,  the  wastage  probability,  the  factor  for 
wastage  and  if  wastage  has  occurred,  the  revised  significant 
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change  indicator.  These  printouts  should  be  examined  to 
see  if  the  prograun  is  identifying  the  correct  wastage 
probability  to  use  (see  the  system  file  for  the  tcUsles) 
and  that  when  the  remdom  number  is  less  than  the  wastage 
probability  multiplied  by  the  wastage  factor,  wastage  is 
identified  by  the  amendment  of  the  significant  change 
indicator  to  the  value  4.  The  analyst  should  be  aware 
that  each  officer  in  the  data  base  will  be  examined,  and 
that  lengthy  output  (several  thousand  printed  lines)  will 
result.  A  subset  of  the  output  will  usually  be  sufficient 
to  verify  this  part  of  the  model.  An  alternative  source 
of  diagnostic  data  is  temporary  file  66;  as  officers  are 
wasted,  they  are  written  out  onto  this  file.  Stopping 
the  simulation  at  the  end  of  the  year  and  dumping  the  file 
to  the  printer  will  allow  the  wastage  in  a  year  to  be 
observed. 

Promotions .  Verification  of  the  promotion  process 
is  somewhat  more  con^lex  than  verification  of  the  wastage 
process,  since  there  are  three  separate  algorithms,  depend¬ 
ing  on  rank.  Group  Captains  and  Air  Commodores  are  pro¬ 
moted  in  seniority  order  if  there  is  a  vacancy.  Flight 
Lieutenants  to  Wing  Commanders  compete  for  promotion  while 
all  Flying  Officers  are  promoted  if  they  have  the  minimum 
time  in  rank.  All  the  code  for  promotions  is  contained 
in  the  subroutine  ANS.  The  verification  procedure 


suggested  is  very  similar  to  that  used  for  the  wastage 
check.  First  print  the  officer's  variadsles  from  the  data 
base.  Next,  the  eligibility  for  promotion  is  calculated 
from  time  in  rank  and  the  table  minimum  time  in  remk  con¬ 
tained  in  the  systems  file  and  should  be  printed.  For 
the  Group  Captains  and  Air  Commodores,  promotion  is  auto¬ 
matic,  provided  there  is  a  vacancy.  The  presence  of  vacan¬ 
cies  can  be  determined  from  the  2u:rays  NOBBNE  (*  number 
borne)  and  TARGET,  calculated  from  the  Authorized  Terminal 
Strength  as  described  previously.  While  the  number  borne 
for  the  reuik/ category  is  less  than  the  target,  promotion 
will  occur.  Printing  the  values  of  these  arrays  and  the 
subsequent  significant  change  indicator  will  confirm  the 
promotion.  A  significant  change  value  of  3  is  used  for 
promotions.  Con^etitive  promotion  is  very  similar,  with 
the  addition  of  a  random  number  of  select  promotees.  The 
probability  of  promotion  is  contained  in  the  array  PROTAB, 
also  contained  in  the  systems  file.  A  random  number  is 
drawn,  emd  if  less  than  the  promotion  probedsility,  the 
officer  is  marked  as  being  promoted.  Printing  these 
values  will  allow  the  procedure  to  be  checked.  Promotion 
of  Flying  Officers  simply  involves  a  check  of  achieving 
minimiun  time  in  rank.  Again,  printing  the  officer's  vari- 
eUsles,  checking  the  minimum  time  in  rank  from  the  system 
file,  and  the  significant  change  indicator  will  determine 
the  flow  of  the  process.  *An  alternative  to  special 


diagnostic  code  is  the  file  23  onto  which  promotees  are 
written  for  later  retrieval.  If  this  file  is  dumped  to  the 
printer  at  the  end  of  the  year,  the  year's  quota  of  pro- 
motees  can  be  observed.  The  final  process  that  must  be 
checked  is  whether  the  progreun  is  promoting  to  vacancies. 
This  is  a  more  difficult  problem.  Vacancies  for  promotion 
to  a  Category/rank  cell  result  from  an  initial  shortage 
in  the  Category/rank  cell,  wastage  from  the  cell,  and  pro¬ 
motions  from  the  cell  to  the  next  highest  rank  (except  for 
the  Air  Vice  Marshal  rank) .  The  model  keeps  track  of  these 
values  by  amending  the  array  NOBRNE  in  several  segments 
of  the  program  that  deal  with  these  processes,  and  verifi¬ 
cation  using  printouts  is  cltunsy.  Perhaps  the  easiest 
method  is  to  use  the  tabulate  option  to  print  the  signifi¬ 
cant  changes  for  a  single  Category,  using  the  "tabulate" 
option.  This  printout  should  be  con^ared  with  the  ETAB 
tables  for  the  years  that  straddle  the  report.  Comparison 
of  the  taUsles  allows  the  analyst  to  determine  whether  the 
program  is  correctly  keeping  track  of  the  vacancies. 

Recruitment.  Verifying  the  recruiting  processing 
has  many  of  the  same  problems  as  verifying  the  promotion 
vacancies.  Recruiting  is  the  end  product  of  wastage  and 
growth  in  the  Officer  Corps;  note  that  recruiting  is  not 
affected  by  promotion,  and  that  the  model  may  increase  the 
strength  of  the  lowest  rank  beyond  its  target  if  the 


wastage  or  growth  is  high  in  the  senior  ranks.  The  code 
for  recruiting  is  found  in  the  ANS  subroutine.  Each  Cate¬ 
gory  is  processed  separately,  with  the  demand  for  recruit¬ 
ing  being  determined  from  the  target  and  strength  in  each 
rank.  If  the  Category  is  over  strength,  attrition  is  used 
to  restore  the  balance,  vdiile  if  under  strength,  the 
recruiting  requirement  is  totaled,  and  the  lesser  of  the 
recruiting  requirement  and  the  recruiting  limit  found  in 
the  systems  file  is  used  to  "create"  recruits.  This  pro¬ 
cess  can  be  followed  by  inserting  the  appropriate  diag¬ 
nostic  print  statements  in  the  AMS  subroutine,  between 
Icdsels  200  and  350.  The  variable  NREC  is  used  to  deter¬ 
mine  the  recruiting  requirement,  while  LIM  and 
MAXREC (Category)  hold  the  recruiting  limit.  Recruits 
created  are  written  into  the  data  base  array  lOCORE.  One 
aspect  of  the  recruiting  process  that  is  directly  visible 
is  the  recruiting  shortages.  These  are  interactively  com¬ 
municated  to  the  operator  to  allow  the  disposal  of  the 
shortage.  Electing  to  obtain  the  predisposal  ETAB  table, 
then  printing  and  comparing  the  postdisposal  ETAB  table 
will  show  whether  this  process  is  working  correctly.  In 
addition  to  the  analyst's  diagnostics,  the  program  writes 
recruits  that  are  created  onto  file  66.  Note  that  this 
file  is  also  used  for  the  wastage  created,  so  officers 
will  have  to  be  differentiated  by  the  "SIGCH"  variable 


133 


which  is  the  last  of  the  officer's  variables  to  be  written; 


2  is  used  for  recruitment  and  4  for  wastage. 

Resecfuencinq  ^uld  Ageing.  Ageing  is  done  at  the 
start  of  the  new  year  process,  and  singly  involves  adding 
one  year  to  each  officer's  years  of  service  emd  time  in 
rank.  Label  30  of  subroutine  ANS  contains  the  code. 
Resequencing  is  much  more  complex..  The  process  is 
achieved  in  the  subroutine  RESEQ,  and  involves  removing 
officers  deemed  to  be  wasted,  moving  the  promotees  up  a 
rank,  and  introducing  recruits.  While  it  is  possible  to 
introduce  diagnostics  to  check  this  process,  such  measures 
are  not  considered  necessary,  as  the  progreun  has  a  "traps" 
in  both  subroutines  IN  and  OUT  which  check  for  range  and 
which  invoke  a  stop  if  an  error  is  detected.  However,  if 
a  further  check  is  required,  run  the  model  forward  for  a 
couple  of  years,  then  dump  the  file  to  a  printer.  A  manual 
check  of  the  order  of  the  officers  then  is  completed. 

Rank  should  be  decreasing,  then  category  increasing  and, 
finally,  time  in  rank  decreasing.  The  remaining  problem 
is  "losing"  individuals.  This  has  occurred  during  model 
development;  however,  when  it  happens,  a  whole  class  of 
officers  is  usually  lost.  For  exeunple,  if  the  promotees 
are  lost  (which  will  happen  if  file  23  is  not  connected 
as  a  random  access  file) ,  then  the  problem  will  be  obvi¬ 
ous  as  several  hundred  officers  will  "disappear"  from  the 


data  base.  Checking  the  normal  model  outputs  will  reveal 
problems  such  as  this. 


Costing.  The  costing  report  is  compiled  directly 
from  the  manpower  data  base  and  the  cost  data  file.  First, 
run  the  model  forward  for  one  year  to  generate  recruits 
amd  hence  training  costs.  Next,  choose  a  Category  to 
examine  and  obtain  a  printout  of  the  cost  report  and  the 
time  in  rank  for  each  officer  in  the  Category.  Identify 
the  correct  salary  table  in  the  cost  data  file  and 
multiply  the  number  in  each  time  in  "bin"  by  the 

salary,  adding  these  costs  to  obtain  the  cost  of  the  Cate¬ 
gory  rank  cell.  Repeat  the  process  for  each  rank  cell, 
then  total  the  costs  to  obtain  the  Category  costs.  Obtain 
the  report  on  the  number  of  recruits  to  the  Category  from 
the  significant  change  option  of  the  Tabulate  function, 
euid  multiply  this  cost  by  the  training  cost  in  the  cost 
data  file  to  produce  the  training  cost.  When  one  Category 
has  been  shown  to  be  accurately  represented,  other  Cate¬ 
gories  should  be  examined.  Category  totals  added  to  pro¬ 
duce  Branch  totals,  etc.  Generally,  the  process  of  check¬ 
ing  the  cost  report  is  straightforward  but  requires  a 
consideredsle  eunount  of  simple  arithmetic  to  complete. 

"Macro  Checking."  The  foregoing  discussion 
essentially  is  a  description  of  the  "micro"  examinatron 
needed  to  verify  the  model.  When  these  processes  have 


been  con^leted,  the  analyst  should  exeunine  the  macro  out¬ 
put  of  the  model  to  ensure  that  nothing  is  being  lost  at 
the  interface  between  the  various  program  modules  and  func¬ 
tions.  This  process  has  been  alluded  to  in  the  previous 
paragraph.  The  model  should  be  run  for  at  least  one  time 
step.  At  the  beginning  of  the  step,  a  number  of  reports 
should  be  printed;  for  example,  the  ETAB  table  and  a 
series  of  reports  from  the  Tabulate  option.  Concentrate 
on  a  single  Category  by  invoking  the  confinement  option  in 
the  Tabulate  process  to  ensure  that  the  internal  process¬ 
ing  of  the  program  can  be  easily  determined.  (The  ROS 
model  always  processes  one  Category  at  a  time.)  Next, 
move  the  model  forward  for  a  year  and  repeat  the  reporting 
process.  Now,  examine  the  reports  for  internal  consistency 
For  exeunple,  does  the  initial  Category  strength,  less 
wastage,  plus  recruits,  equal  the  final  strength?  Does 
the  progression  of  cohorts  in  each  block  of  years  of  ser¬ 
vice  seem  reasonable?  Are  the  promotions  made  in  any  rank 
consistent  with  the  vacancies  as  expressed  by  losses  and 
promotions  from  the  rank,  plus  the  change  in  target  between 
the  years?  When  the  investigation  of  one  Category  is  com¬ 
plete,  one  or  more  other  Categories  should  be  exeunined  to 
ensure  that  the  model  is  processing  all  Categories  accu¬ 
rately.  If  the  analyst  is  reluctant  to  make  modifications 
to  the  source  code  (and  some  programming  skill  in  FORTRAN, 
and  in  operating  the  host,  computer  is  required) ,  then  this 


method  of  verification  may  be  preferable.  The  author's 
opinion  of  the  process  is  that,  unless  major  changes  in 
the  code  are  made,  a  micro  exaunination  of  the  model  is  not 
necessary,  as  the  joint  power  of  the  ETAB  report,  and  the 
Tabulate  function  allow  detailed  investigation  of  the  model 
processes  to  be  made.  A  thorough  investigation  at  this 
level  by  an  analyst  who  is  very  familiar  with  the  real 
world  processes  should  yield  a  high  degree  of  confidence 
that  the  present  model  is  performing  as  intended,  thus  can 
therefore  be  considered  "verified." 


VarieJsilitv  of  Model  Output 


The  ROS  model  has  previously  been  described  as  a 
"hybrid"  in  which  various  simulation  techniques  (e.g., 
deterministic,  stochastic)  are  combined  to  provide  the 
desired  result.  The  majority  of  the  processing  is  deter¬ 
ministic;  predetermined  rules  define  the  outcomes.  How¬ 
ever,  two  processes  are  stochastic — wastage  and  promotions 
Thus,  when  the  model  is  run  a  number  of  times  with  differ¬ 
ent  random  number  streams,  different  results  will  ensue. 
This  effect  can  be  observed  using  the  "R"  («  re-start) 
option.  Indeed,  this  is  the  primary  function  of  this 
option;  it  allows  the  analyst  to  make  a  new  run  with  a  dif 
ferent  set  of  random  niunbers.  When  re-start  is  invoked, 
the  program  re-reads  all  the  data  files  and  starts  from 
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year  one,  but  does  not  start  with  the  same  random  number 
seed.  The  result  of  this  process  is  a  different  outcome. 

A  philosophical  point  must  be  made  here.  If  it 
were  possible  to  "re-run”  the  world  a  number  of  times, 
would  the  outcomes  be  the  same,  or  would  the  result  be 
different?  The  emswer  depends  on  a  person's  belief  edsout 
the  nature  of  the  processes  in  the  universe;  some  would 
argue  that  all  processes  are  preordained  and  that 
re-running  the  world  (if  that  were  possible) ,  would  pro¬ 
duce  identical  results  for  each  run.  The  alternative  view 
is  that  the  universe  is  subject  to  the  stochastic  process, 
and  that  the  outcome  of  a  series  of  events  can  never  be 
stated  with  certainty;  only  probability  statements  of  a 
future  event  can  be  entertained.  In  this  universe,  re-runs 
would  give  different  results,  the  variability  depending 
on  the  underlying  probability  distributions  that  control 
the  process.  This  latter  view  of  the  universe  is  taken 
here.  For  exanqple,  a  change  in  an  officer's  state  is 
determined  as  a  probability  that  each  officer  will  waste 
from  the  system,  be  promoted,  or  remain  unchanged.  The 
result  of  the  stochastic  process  is  that  different  runs 
will  yield  different  results.  If  the  probability  distribu¬ 
tion  used  in  the  model  is  the  same  as  is  present  in  the 
real  world,  then  the  assumption  made  is  that  the  model  will 
produce  a  valid  representation  of  the  real  world  processes. 
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An  outgrowth  of  this  concept  is  the  method  used  to 
validate  the  model.  The  normal  validation  process  is  to 
make  a  number  of  observations  from  the  real  world  of  the 
process  being  considered,  then  run  the  model  a  number  of 
times  to  obtain  a  series  of  results.  Statistical  pro¬ 
cesses  are  then  used  to  test  the  hypothesis  that  the  obser¬ 
vations  from  the  model  came  from  the  real  world.  Another 
way  of  looking  at  this  process  is  that  the  results  of  the 
model  are  mapped  onto  the  results  observed  in  the  real 
world,  and  if  the  mapping  shows  close  agreement,  then  the 
model  is  said  to  be  a  valid  representation  of  the  real 
world.  The  difficulty  in  this  study  is  that  it  is  only 
possible  to  obtain  a  single  observation  from  the  real  world; 
i.e.,  the  state  of  the  Officer  Corps  at  any  time.  It  is 
not  possible  to  re-run  the  world,  nor  do  conditions  remain 
constant  long  enough  to  allow  observations  to  be  taken  over 
several  years  (and  even  if  it  were  possible,  the  time  delay 
could  not  be  tolerated) .  The  approach  taken  here  will  be 
to  reverse  the  usual  validation  process  and  map  the 
(single)  result  from  the  real  world  onto  the  results, 
obtained  from  the  model.  An  assumption  being  made  here  is 
that  the  mapping  process  exhibits  a  transitive  property; 
if  the  model  has  a  high  degree  of  isomorphism  with  the  real 
world,  and  the  results  can  be  mapped  accurately  onto  the 
results  from  the  real  world,  then,  equally  well,  the 
results  of  the  real  world-  can  be  accurately  mapped  onto 
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the  results  from  the  model.  If  statistical  tests  show 
that  there  is  a  high  probad)ility  that  the  real  world 
results  could  have  been  generated  by  the  same  processes 
contained  in  the  model,  then  the  model  is  considered  to  be 
a  valid  representation  of  the  real  world  (from  the  transi¬ 
tive  property  that  the  real  world  is  a  valid  representation 
of  the  model) . 

Independence  and  Linearity  of  Observations.  A  com¬ 
ment  on  the  independence  and  linearity  of  observations  from 
the  model  must  be  made.  Wastage  is  the  prime  factor  in 
generating  variations  in  the  outcomes  of  the  model.  Most 
other  factors,  such  as  growth,  are  treated  determin¬ 
istically.  Subsequent  actions,  such  as  promotions  and 
recruiting,  will  be  dependent  on  the  number  of  losses 
through  wastage;  thus  care  should  be  taken  not  to  consider 
the  variability  in,  say,  recruiting,  as  an  independent 
observation  from  wastage  levels.  Promotion  has  its  own 
stochastic  process,  which,  combined  with  a  number  of 
losses  from  wastage,  can  vary  the  number  of  promotions  to 
a  given  rank.  Consequently,  the  costs  presented  in  the 
cost  report  are  dependent  on  both  wastage  and  promotions. 

A  second  factor  is  the  linearity  of  the  outcomes.  The 
model  is  goal  seeking  and,  having  achieved  a  goal. 


terminates  action  to  achieve  the  goal.  This  termination 
can  cause  nonlinearities  to  enter  the  system.  For  example. 


consider  the  case  where  the  expected  result  from  growth 
and  wastage  creates  a  requirement  for  (say)  fifty  recruits. 
If  the  recruiting  limit  is  fifty,  and  wastage,  randomly 
determined  is  sixty,  then  only  fifty  officers  will  be 
recruited.  Conversely,  if  randomly  determined  wastage  is 
forty,  only  forty  officers  will  be  recruited.  This 
example  shows  (with  the  given  parameters)  that,  although 
lower  than  expected  wastage  will  be  tracJced  accurately 
by  the  number  of  recruits,  higher  wastage  than  expected 
will  yield  a  constemt  number  of  recruits.  Care  should  be 
taken  that  such  nonlinearities  do  not  affect  the  accuracy 
of  statistical  inferences  drawn  from  the  results. 

Generally,  the  Central  Limit  Theorem  will  be  invoked  in 
this  study  to  allow  statistical  inferences  to  be  drawn. 

(For  a  discussion  on  the  Central  Limit  Theorem,  see 
Mendenhall,  Scheaffer,  and  Wackerly,  1981:275.) 

Validation 

The  foregoing  has  set  the  stage  for  a  description 
of  the  validation  process.  A  suggestion  is  that  validation 
should  be  completed  each  year  that  the  model  is  used,  to 
ensure  that  the  processes  in  the  model  remain  the  same  as 
those  that  affect  the  structure  of  the  Officer  Corps  in 
the  real  world.  An  important  point  to  understand  is  that 
the  validity  of  a  model  cannot  be  proven;  there  are  only 
degrees  of  validity.  The  usefulness  of  the  concept  of 


validity  is  that  it  provides  a  measure  of  the  usefulness 
of  the  model.  If  validation  studies  show  that  the  model 
is  not  sufficiently  accurate  to  be  useful  (e.g.,  the  model 
does  not  make  sufficiently  accurate  predictions) ,  then 
amendments  will  have  to  be  made  to  the  model,  requiring 
the  process  of  verification  and  validation  to  be  repeated. 
Most  models  are  developed  in  this  iterative  fashion,  and 
the  ROS  model  is  no  exception;  many  segments  of  the  model 
have  been  changed  after  the  output  has  been  compared  with 
the  "real  world. "  Coiq>letion  of  the  validation  process 
by  the  analyst  should  demonstrate  the  model's  5Ut>ility  to 
predict  the  future  and,  in  doing  so,  increase  the  analyst' 
confidence  in  the  model.  These  two  factors  are  considered 
to  be  the  prime  reason  for  the  validation,  since  the  model 
will  not  be  used  unless  it  can  be  shown  that  it  is  suffi¬ 
ciently  accurate,  giving  users  confidence  in  it. 

Turing  Test.  Shannon  (1979:216),  suggests  that 
one  method  of  validation  is  the  "Turing"  test.  In  this 
test,  an  "expert"  in  the  field  is  presented  with  a  series 
of  results  taken  from  both  the  model  and  the  real  world. 

If  the  expert  cannot  tell  the  difference  between  the  out¬ 
puts,  then  the  model  is  assumed  to  be  valid.  This  is  a 
behaviorally  oriented  test  that  is  useful  as  a  first 
atten^t  at  validation,  since  rigorous  and  hence  time- 
consuming  activities  (such  as  those  described  here)  are 


not  necessary.  The  ROS  model  has  already  been  exposed  to 
this  process,  and  the  usefulness  of  the  techniques  has 
been  demonstrated  as  the  test  has  shown  errors  in  the 
coding  of  the  simulation  and  in  the  basic  processes  within 
the  model;  many  improvements  have  consequently  been 
incorporated . 

At  the  other  end  of  the  scale  (if  a  scale  from 
highly  technical  to  highly  behavioral  is  envisaged) ,  good¬ 
ness  of  fit  tests  can  be  used  to  obtain  a  measure  of  model 
validity.  The  remainder  of  this  chapter  describes  a 
strategy  that  can  be  used  to  generate  a  goodness  of  fit 
test.  In  essence,  the  methodology  is  to  observe  one  time 
step  in  the  real  world,  then  map  as  many  of  the  variables 
observed  in  the  real  world  during  that  step,  back  into  the 
model.  The  model  can  then  be  run  several  times  and  esti¬ 
mates  obtained  of  the  mean  and  standard  deviation  of  the 
output.  If  the  single  result  obtained  from  the  real  world 
can  be  shown  to  have  come  from  the  same  distribution  as 
the  model  demonstrates,  then  the  model,  by  the  transitive 
process  described  above,  is  asstuned  to  be  a  valid  represen¬ 
tation  of  the  real  world. 

Before  describing  the  validation  strategy  in 
detail,  some  comments  on  the  interdependence  of  the  various 
model  outputs  will  be  made.  Normally,  dependence  is  con¬ 
sidered  to  be  a  nuisance  that  must  be  allowed  for.  In 
this  validation  strategy, -dependence  can  be  used  as  an 
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asset  to  further  test  the  internal  relationships  in  the 
model.  Wastage  observed  is  the  only  independent  variable; 
all  other  observations  are  dependent  on  wastage  or  other 
processes  in  the  model.  If  the  statistical  test  shows 
that  there  is  a  reasonable  probability  that  the  real  world 
and  the  model  wastage  comes  from  the  same  distribution, 
then  the  sets  of  dependent  variables  should  be  examined 
for  correspondence.  Examples  are  promotions,  recruitment, 
years  of  service  structure,  etc.  If  both  chains  of  depen¬ 
dent  varicQales  are  the  same  (within  the  statistical  confi¬ 
dence  intervals),  then  this  increases  the  user's  confi¬ 
dence  that  the  internal  processing  of  the  model  is  similar 
to  the  processing  that  occurs  in  the  real  world. 

Turning  now  to  the  validation  strategy,  the  first 
step  is  to  select  a  period  for  observation.  A  good  time 
to  start  is  the  state  of  the  Officer  Corps  at  1  January, 
which  is  the  time  when  all  promotions  have  taken  effect, 
and  the  majority  of  officer  cadets  have  been  commissioned. 
The  model  output  should  be  exeunined  in  detail,  and  the 
data  sets  that  "feed"  the  model  should  be  used  to  deter¬ 
mine  the  processes  to  be  recorded.  Exaunples  are  the 
Establishment,  Authorized  Terminal  Strength,  actual  man¬ 
power  on  the  date,  and  all  the  information  contained  in 
the  ested>lishment,  system,  and  cost  files.  As  the  year 
progresses,  a  data  base  of  the  year's  events  should  be 


compiled.  Finally,  the  state  of  the  Officer  Corps  at  the 
end  of  the  year  should  be  recorded. 

Armed  with  this  data,  the  next  step  for  the 
analyst  is  to  create  the  four  new  data  files,  namely  meui- 
power,  establishment,  system,  and  cost,  making  every  effort 
to  have  these  files  match  the  events  that  occurred  during 
the  immediate  past  year.  As  an  excunple,  the  recruiting 
constraints  should  be  set  to  match  the  real  world  situation; 
if  recruiting  was  difficult  in  a  Category,  an  estimate  of 
the  constraint  should  be  made;  alternatively,  if  recruit¬ 
ing  was  relatively  easy,  the  analyst  should  set  the  con¬ 
straint  higher  than  the  results  achieved. 

When  the  analyst  is  confident  that  the  model  data 
files  contain  the  best  estimate  of  the  immediate  past  real 
world  events,  the  model  should  be  run  for  one  time  step, 
using  these  new  data  files.  Several  runs  should  be  made, 
using  the  "R"  restart  option  to  generate  different  results. 
During  each  run,  the  correct  Authorized  Terminal  Strength 
should  be  used,  and  the  appropriate  responses  to  the 
reallocation  of  recruiting  shortages  made.  At  the  end  of 
each  run,  reports  should  be  printed  to  allow  comparison 
with  the  real  world  result.  As  a  suggestion,  at  least 
five  runs  should  be  made,  to  allow  reasonably  accurate 
estimates  of  the  mean  and  standard  deviation  to  be  struck. 
Typical  printouts  would  be  the  STAB  and  cost  tables,  the 
model  summary  reports,  and  reports  from  the  Tabulate 


option.  The  analyst  should  decide  before  the  runs  the 
variadiles  to  be  examined,  then  request  the  necessary 
reports . 

When  an  estimate  of  the  meem  and  standard  devia¬ 
tion  has  been  obtained,  the  result  from  the  real  world 
should  be  examined  to  determine  the  probability  of  it 
coming  from  the  distribution  exhibited  by  the  model.  The 
null  hypothesis  is  that  the  real  world  and  the  model  have 
the  scune  underlying  distribution,  while  the  alternate  is 
that  they  are  different.  If  it  is  not  possible  to  reject 
the  null  hypothesis  on  the  basis  of  the  probability 
obtained  edsove,  then  the  null  hypothesis  is  accepted. 

The  testing  process  is  continued  through  the  chain  of 
dependent  variables.  If  good  agreement  is  obtained 
throughout  the  chain,  then  the  model  is  considered  to  be 
a  valid  representation  of  the  real  world. 

In  the  event  of  poor  agreement,  further  investiga¬ 
tion  is  required.  The  first  step  is  to  reexeunine  all  the 
model's  data  files  to  ensure  that  they  are  the  best  esti¬ 
mate  of  the  real  world  events.  Some  skill  in  using  a  single 
variable  to  represent  an  entire  year's  events  in  a  specific 
area  is  required.  (Improvements  of  the  analyst's  skill 
at  this  representation  will  assist  the  estimating  process 
when  predictions  are  to  be  made.)  If  the  data  files  are 
considered  accurate,  the  analyst  should  next  examine  the 


was  accurate.  Finally,  the  way  the  model  represents  the 
real  world  should  be  examined  and,  i£  shortcomings  are 
revealed,  a  new  iteration  of  model  development  initiated. 
Thus,  if  the  model  fails  its  validation  test,  the  data 
obtained  from  the  validation  process  should  be  used  to 
develop  the  model.  In  this  way,  closure  on  a  sufficiently 
accurate  (i.e.,  valid)  model  may  be  obtained. 

Once  the  model  has  been  validated  (i.e.,  the 
analyst  and  users  have  confidence  that  it  will  predict 
with  useful  accuracy) ,  a  new  set  of  data  files  should  be 
created.  These  must  use  the  present  manpower  data  base, 
plus  best  estimates  of  the  model  pareuneters  (e.g.,  recruit 
ing  constraints)  for  the  prediction  period.  The  model 
should  then  be  run  to  generate  the  predictions,  again 
using  the  "R"  option  to  simulate  the  variety  of  outcomes 
and  accumulating  the  results  of  the  runs  to  allow  statis¬ 
tical  inferences  to  be  drawn  about  the  expected  future 
structure  of  the  Officer  Corps. 

Summary 

This  chapter  has  dealt  with  the  issue  of  valida¬ 
tion  of  the  model,  validation  being  defined  as  a  process 
in  which  confidence  is  built  in  the  model's  ability  to 
generate  predictions  that  have  sufficient  accuracy  to  be 
useful.  The  validation  process  was  segmented  into  a  veri¬ 
fication  process  where  the  accuracy  of  the  program  is 


evaluated,  and  a  validation  process  in  which  the  results 
from  the  real  world  are  mapped  onto  the  results  from  the 
model;  validation  being  demonstrated  by  a  high  degree  of 
correspondence  between  the  two.  This  process  is  the 
reverse  of  the  normal  process  where  the  results  of  the 
model  are  mapped  onto  the  results  from  the  real  world. 
However,  the  constraint  of  only  being  edsle  to  obtain  a 
single  observation  from  the  real  world  is  the  reason  for 
this  approach.  To  support  the  validation  method,  detailed 
comments  on  the  vari2d>ility  of  the  results  obtained  from 
both  the  real  world  and  the  model  were  made. 


Chapter  8 


EXAMPLES  OF  THE  USE  OF  THE  RAAF 
OFFICER  STRUCTURE  MODEL 


Introduction 

The  purpose  of  this  chapter  is  to  provide  examples 
of  the  operational  use  of  the  Royal  Australiem  Air  Force 
(RAAF)  Officer  Structure  (ROS)  model.  The  primary  pur¬ 
pose  of  the  model  is  to  largely  automate  the  strength 
management  of  the  Officer  Corps.  However,  the  model  may 
be  used  for  other  purposes,  and  some  of  these  will  be 
demonstrated  later  in  this  chapter. 

Demonstration  Data.  To  initially  implement  the 
model  and  provide  exaii^>les  of  its  use,  demonstration 
data  has  been  provided.  Readers  should  be  aware  that  this 
data  base,  while  having  been  derived  from  "real”  data, 
has  been  altered  substantially  (primarily  for  security 
reasons) .  Thus,  care  should  be  taken  that  no  inferences 
be  drawn  about  the  RAAF  from  the  following  examples  of  the 
model's  use.  Notwithstanding  the  foregoing,  the  demonstra¬ 
tion  data  base  has  been  constructed  to  be  representative 
of  the  way  that  the  model  will  be  used  to  solve  "real 
world"  problems. 


Using  the  Model  for  Long-Range 
Strength  Management 

The  primary  use  for  the  ROS  model  is  strength 
management,  taking  acco\int  of  a  number  of  factors  which 
may  influence  the  strength  of  the  Service  over  several 
years.  Accordingly,  this  will  be  the  first  demonstration 
of  the  use  of  the  model.  Several  simulation  runs  will  be 
made,  with  the  results  from  each  run  being  used  to  move 
nearer  to  the  objective  on  the  next  run.  This  iterative 
planning  method  was  described  in  Chapter  4.  The  aim  of 
this  exercise  is  to  produce  a  long-term  policy  for  strength 
management  and  to  identify  programs  (such  as  building 
facilities)  needed  to  support  the  Officer  Corps. 

The  Scenario.  In  Chapter  2,  the  problem  of  a  dif¬ 
ferent  Establishment  size  and  Authorized  Terminal  Strength 
was  described.  The  effect  of  this  mismatch  is  to  create 
a  large  number  of  positions  that  ceumot  be  filled,  even  if 
the  Service  is  at  the  authorized  strength.  For  exaz^le, 
in  the  first  year  (1981)  of  the  demonstration  data  base, 
the  Establishment  size  is  3899  and  the  Authorized 
Terminal  Strength  is  3650,  a  shortfall  of  249  positions. 
Such  shortages  tend  to  Interfere  with  the  organization  as 
lines  of  communication  are  broken,  and  the  duties  of  a 
vacant  position  are  shared  amongst  the  authorized  positions 
By  contrast,  the  strength  of  the  RAAF  Officer  Corps  (as 
shown  in  the  data  base)  is  3647,  i.e.,  very  close  to  the 


Authorized  Terminal  Strength.  The  task  given  to  the  Per¬ 
sonnel  Divisions  (for  this  demonstration)  is  as  follows: 

Given  that  the  Establishment  will  be  held  to  4000 
by  1  January  1990,  take  the  necessary  measures  to  mcUce 
the  strength  of  the  Officer  Corps  match  the  EstaUslish- 
ment  by  that  date.  Assume  that,  starting  from  1  Janu¬ 
ary  1981,  a  growth  of  50  officer  positions  per  year 
will  be  authorized.  Try  to  keep  the  Categ9ry  strength 
in  baleuice  with  the  decision  rules  for  strength  alloca¬ 
tion  by  avoiding  over-recruiting.  Control  measures 
such  as  wastage  reduction,  providing  additional  facili¬ 
ties,  and  expanding  recruiting  or  training  may  be  used. 
If  possible,  avoid  large  changes  in  the  EsteUalishment. 
Finally,  try  to  keep  the  strength  as  close  to  the 
Authorized  Terminal  Strength  as  possible;  if  recruiting 
shortfalls  occur,  allocate  deficiency  evenly  to  the 
Equipment  and  Administrative  Categories,  ensuring  that 
the  maximum  amount  of  recruitment  above  target  is  20. 

Run  Number  One:  Master  Run  (No  Variations) .  The 
"master"  run  is  made  to  determine  the  base  line  situation. 
In  this  run,  the  data  base  contains  all  the  original  data 
sets,  based  on  present  expectations  and  planned  actions. 
During  the  run,  the  recruiting  shortfalls  are  printed  out 
at  the  terminal  being  used  by  the  operator  of  the  model. 
These  shortfalls  provide  an  excellent  surrogate  to 


determine  the  performance  of  the  strength  management  pro¬ 
cess;  if  no  strength  shortfalls  are  present,  then  the  model 
is  achieving  the  task  set  by  the  operator.  The  results  of 
the  run  are  summarized  in  Figure  8.1.  Using  recruiting 
shortfalls  as  the  measure  of  performance,  the  model  pre¬ 
dicts  that  a  deficiency  of  about  110  per  year  will  be  the 
expected  result,  with  a  peak  deficiency  of  almost  130  in 
1988.  Given  that  the  strength  was  initially  close  to  the 
Authorized  Terminal  Strength,  this  is  a  disappointing 
result,  since  it  shows  that  even  without  growth,  the 
Service  will  be  unable  to  even  maintain  its  present 
strength.  The  most  serious  shortages  are  in  the  Navigator, 
Aeronautical,  Radio,  Armament,  Instrument  and  Doctor 
Categories.  Some  initial  shortages  are  observed  in  the 
Intelligence  Category;  however,  by  1987  these  have  been 
brought  under  control.  The  remainder  of  the  Categories 
seem  to  be  edale  to  sustain  their  allocated  strength. 


Run  Number  Two;  Wastage  Reduction.  In  Chapter  2, 
wastage  of  officers  was  cited  as  the  most  important  factor 
in  creating  a  Service  of  the  desired  quality  and  structure, 
hence  this  is  the  first  area  to  examine.  Wastage  rates 
can  be  cheuiged  by  many  factors,  some  within  the  control  of 
Personnel  Division.  Posting  policies  (such  as  the  fre¬ 
quency  of  movements  of  location),  appointment  policy, 
career  counseling,  observing  individual  officer's 
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Predicted  Category  Shortages: 

Master 

Run 

Category/ 1  Jan: 

83 

84 

85 

86 

87 

88 

89 

90 

Pilot 

Navigator 

Aeronautical 

41 

37 

34 

36 

32 

31 

24 

20 

12 

18 

19 

28 

34 

31 

43 

42 

Radio 

14 

13 

10 

14 

20 

22 

11 

11 

Armament 

2 

1 

4 

9 

10 

6 

8 

Instalment 

Electrical 

1 

2 

5 

4 

Equipment 

Works 

Administrative 
Air  Traffic 

Air  Defence 

4 

1 

2 

Intelligence 

Education 

11 

9 

9 

3 

Ground  Defence 
Photographic 

1 

3 

2 

Police 

Legal 

Doctor 

1 

16 

16 

17 

17 

19 

27 

27 

23 

Dentist 

Nurse 

Pharmaceutical 

Radiographer 

Ledioratory 

Hygiene 

TOTAL: 

101 

94 

91 

104 

114 

127 

118 

108 

Fig.  8.1  Recruiting  Shortages  by  Category 
and  Year  as  at  1  January 


TOTAL 


preferences,  all  affect  the  wastage  rate.  Generally,  such 
policies  favor  the  individual  at  the  expense  of  the  Ser¬ 
vice  in  the  short  term,  with  the  objective  of  increasing 
the  strength  and  experience  of  the  Officer  Corps,  thereby 
improving  the  capability  of  the  Service  in  the  long  term. 

A  second  method  of  adjusting  the  wastage  rate  is  to  chcuige 
the  remuneration  for  Serving  Officers.  If,  for  exas^le, 
salaries  and  allowances  are  raised,  the  Service  will  com¬ 
pare  more  favorably  with  the  remuneration  received  by 
civilians  and  lower  wastage  is  the  likely  result.  (A 
second  effect  is  that  more  civilians  will  volunteer  for 
service;  this  will  be  discussed  in  the  next  paragraph.) 
Assume  that  all  practical  measures  are  taken  to  reduce 
wastage,  and  the  best  estimate  is  that  wastage  rates  will 
generally  drop  by  15  percent  as  a  result.  (As  a  comment, 
at  the  time  of  this  writing,  the  Australieui  Armed  Services 
had  just  received  a  sxibstantial  pay  rise.  The  wastage 
rates  in  the  present  data  base  were  for  the  prior  salary 
scales;  accordingly,  reduction  of  wastage  as  a  strength 
control  measure  is  quite  realistic  and  topical.)  The  ROS 
model  is  now  run  with  reduced  wastage  rates.  Assume  that 
until  1990,  the  combined  effect  of  personnel  and  pay  poli¬ 
cies  are  estimated  to  reduce  wastage  by  15  percent,  or  to 
0.85  of  its  former  value.  (The  transform  between  a  pay 
rise  and  wastage  reduction  could  be  estimated  by  analysis 
of  the  effects  of  prior  pay  rises  on  the  wastage  rates. 


assuming  such  data  are  avail^U^le;  alternatively,  an 
"expert"  opinion  could  be  sought.  In  any  case,  the  direc¬ 
tion  of  the  effect  of  a  pay  rise  on  wastage  rates  would  be 
known,  since  a  rise  in  salary  is  unlikely  to  result  in  a 
general  rise  in  wastage  rates.)  The  operator  communicates 
this  state  to  the  model  when  asked  for  the  "wastage  fac¬ 
tor"  at  the  beginning  of  each  year  in  the  simulation.  All 
other  parameters  are  held  constant.  The  results  of  this 
action  are  shown  in  Figure  8.2.  The  reduction  in  wastage 
has  resulted  in  a  reduction  of  about  60  in  recruiting 
shortfalls.  The  Navigator  Category  has  now  come  under  con¬ 
trol,  meeting  strength  targets  by  1988.  However,  problems 
remain  in  the  Engineer  Branch  and  the  Doctor  Category. 

Run  Number  Three:  Wastage  Reduction  plus  Growth. 
Although  the  strength  has  not  been  brought  entirely  under 
control  by  wastage  reduction,  the  strength  improvement  of 
about  60  per  annum  can  be  used  to  allow  the  planned  growth 
of  about  50  per  annum,  as  called  for  by  the  scenario. 

This  situation  is  investigated  in  run  three,  when  the 
Authorized  Terminal  Strength  is  increased  by  50  per  anniun, 
until  the  ultimate  strength  target  of  4000  is  achieved  in 
1988;  the  Authorized  Terminal  Strength  is  held  constant 
thereafter.  The  operator  nominates  the  Authorized  Terminal 
Strength  for  the  coming  year  at  each  annual  step  of  the 
model.  Incorporating  both  wastage  reduction  and  growth. 


Predicted  Category  Shortages:  Wastage  Reduction 
Category/1  Jan:  83  84  85  86  87  88  89  90 


Pilot 


Navigator 

33 

24 

17 

11 

6 

Aeronautical 

8 

10 

15 

12 

18 

Radio 

7 

1 

5 

1 

4 

Armament 

6 

3 

Instrument 

1 

3 

9 

10 

12 

10 

Electrical 

Equipment 

Works 

Administrative 
Air  Traffic 

Air  Defence 

2 

1 

1 

Intelligence 

8 

3 

Education 

Ground  Defence 

1 

Photographic 

Police 

Legal 

Doctor 

17 

17 

17 

18 

17 

17 

17 

18 

Dentist 

Nurse 

Pharmaceutical 

Radiographer 

Led>oratory 

Hygiene 


TOTAL:  73  50  34  45  43  46  42  47 


the  results  are  shovm  in  Figure  8.3.  As  expected,  the 
growth  has  largely  offset  the  improvements  won  through  the 
wastage  reduction,  with  the  net  result  being  an  average 
shortfall  in  strength  of  about  100  per  year.  The  Navi¬ 
gator  Category  has  remained  under  control,  while  the 
Equipment  Category  now  shows  deficiencies,  along  with  the 
Engineering  Branch  and  the  Doctor  Category.  The  reason 
for  this  effect  can  be  found  in  the  strength  allocation 
rules.  Increasing  the  Authorized  Terminal  Strength  has  the 
secondary  effect  of  increasing  the  strength  of  those  Cate¬ 
gories  that  were  not  previously  100  percent  manned.  Recall 
that  the  Navigator  Category,  being  part  of  the  General 
Duties  Branch,  is  allocated  a  strength  that  is  100  percent 
of  its  Establishment.  Thus,  wastage  reduction  will  ease 
the  manning  problem,  while  growth  will  leave  it  unaffected, 
assuming  its  Establishment  is  unchanged.  By  contrast,  in 
the  Equipment  Category,  wastage  reduction  also  eases  the 
numning  problem,  but  any  growth  will  create  a  demand  for 
additional  recruits  to  fill  the  new  positions  allocated  as 
the  allocation  of  the  Authorized  Terminal  Strength  to  this 
Category  rises.  In  this  demonstration  run,  this  effect 
has  resulted  in  the  Category  going  "out  of  control";  i.e., 
it  is  no  longer  possible  to  maintain  the  strength  through 
recruiting,  as  the  model  calls  for  more  recruits  than  eure 
allowed  for  by  the  system  data  recruiting  constraints. 

This  result  is  a  good  demonstration  of  the  interaction  of 


Predicted  Category 

Shortages: 

Reduce 

Wastage 

+  Growth 

Category/ 1  J2ui: 

83 

84 

85 

86 
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88 

89 

90 

Pilot 

Navigator 

34 

25 

19 

9 

3 

Aeronautical 

4 

15 

16 

16 

19 

27 

34 

38 

Radio 

17 

14 

14 

21 

22 

23 

21 

23 

Amament 
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6 

3 

4 

1 

Instrument 

5 

9 

6 

13 

18 

14 

12 

Electrical 

Equipment 

10 

24 

13 

32 

18 

12 

Works 

4 

Administrative 

Air  Traffic 

7 

Air  Defence 

1 

1 

Intelligence 

11 

7 

5 

3 

1 

Education 

Ground  Defence 

2 

Photographic 

Police 

Legal 

Doctor 

19 

19 

21 

21 

23 

22 

21 

22 

Dentist 

Nurse 

Pharmaceutical 

Radiographer 

Laboratory 

Hygiene 

TOTAL: 

98 

93 

107 

106 

97 

129 

109 

107 

Fig.  8.3  Recruiting  Shortages  by  Category 
and  Year  as  at  1  January 
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different  constraints  and  inputs;  the  result  obtained  is 
easily  understood,  but  may  not  have  been  intuitively 
obvious  before  the  model  was  run.  Furthermore,  determining 
the  result  of  the  interaction  of  wastage  and  growth  would 
have  been  a  very  difficult  manual  task. 

Run  Number  Four:  Incrementing  Recruiting  Limits. 

If  the  wastage  reduction  and  growth  are  maintained  as  in 
run  number  three,  the  target  of  4000  officers  by  1990  will 
not  be  achieved  without  some  additional  action.  The  next 
area  to  investigate  is  lifting  recruiting  constraints 
since  the  model  will  achieve  strength  targets  by  intro¬ 
ducing  junior  officers  to  offset  deficiencies  in  the  senior 
ranks,  if  required.  Although  the  Establishment  will  not  be 
perfectly  matched  within  a  rank,  at  least  the  correct 
number  of  officers  will  be  available  to  fill  all  the  Cate¬ 
gory  positions  (e.g.,  with  acting  rank,  or  by  receiving 
higher  duties  allowances) .  Expanding  the  recruiting  con¬ 
straints  requires  the  combination  of  a  number  of  different 
actions  as  described  above.  For  exeunple,  new  facilities 
could  be  built,  or  existing  facilities  converted  for  train¬ 
ing  purposes.  In  some  Categories,  additional  officer 
cadets  can  be  recruited  to  eventually  enter  the  Officer 
Corps.  Most  efforts  to  increase  recruiting  will  tcUce 
several  years  to  take  effect.  For  example,  the  results  of 
Increasing  the  cadet  intake  of  (say)  Engineers  into  a 
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four-year  course  will  not  be  felt  until  a  delay  of  five 
years;  four  years  for  the  course  and  usually  one  year  to 
make  the  decision  euid  initiate  the  increased  recruiting 
rate.  In  inin  four,  increments  in  the  recruiting  rate  have 
been  made  to  simulate  these  considerations;  these  incre¬ 
ments  are  shown  in  Figure  8.4.  Note  that  the  increment  for 
the  Equipment  Category  starts  in  1983,  since  there  is  not 
a  long  training  course  involved,  while  increments  for  the 
Engineer  Branch  cure  delayed  until  1986.  The  lack  of 
changes  in  the  Doctor  Category  reflects  a  limit  on  the 
number  of  civilians  vdio  will  volunteer  for  service  in  the 
RAAF,  and  is  included  as  an  exeuaple  of  a  Category  where  the 
ultimate  limit  is  set  by  the  rate  that  volunteers  cem  be 
obtained  from  the  community.  To  effect  changes  of  recruit¬ 
ing  constraints,  the  "maximum  recruits"  entries  in  the 
system  data  file  must  be  amended  with  the  increments  shown 
in  Figure  8.4.  The  results  are  presented  in  Figure  8.5. 

As  expected,  the  increase  in  the  maximum  recruiting  rates 
has  had  the  desired  effect,  and  the  shortfall  now  averages 
only  40,  with  the  shortfall  being  only  four  in  1990.  The 
most  encouraging  result  is  the  trend;  the  lifting  of 
recruiting  constraints  results  in  steady  inroads  into  the 
recruiting  shortfall,  with  the  strength  effectively  coming 
under  control  by  1  January  1986,  when  shortfalls  are  only 
about  20  in  4000. 


Recruiting  Increments  to  Offset  Shortages 
Category/1  Jan:  83  84  85  86  87  88  89  90 
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TOTAL:  10  20  47  52  57  67  77 


Predicted  Category  Shortages: 
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Air  Traffic 
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TOTAL: 
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Fig.  8.5  Recruiting  Shortages  by  Category 
and  Year  as  at  1  January 


Run  Number  Five;  EstzJjlishment  Variations.  At 


this  stage.  Personnel  Division  has  probably  exhausted  all 
the  possibilities  for  internal  action  and  must  seek 
external  help  to  achieve  the  objective.  In  run  five,  some 
"fine  tuning"  of  the  Officer  Corps  strength  is  made  by 
making  variations  to  the  Establishment.  Minor  changes 
are  often  possible,  as  there  are  many  officer  positions 
that  can  be  filled  by  officers  from  several  Categories. 

(In  fact,  this  is  the  current  trend  in  the  RAAF,  whenever 
possible,  officer  positions  are  estedslished  with  as  many 
source  Categories  as  possible,  as  this  greatly  eases  the 
manning  problem.)  In  Figure  8.6,  variations  to  the  Esteds- 
lishment  are  made  to  provide  the  capability  required.  Some 
of  the  Navigator  Category  positions  are  transferred  to  the 
Pilot  Category,  ^ile  a  number  of  Engineer  Branch  posi¬ 
tions  are  transferred  to  the  Equipment  Category,  which  in 
run  four  was  brought  under  control  by  substantially  increas¬ 
ing  the  number  of  recruits  that  could  be  introduced  into 
that  Category.  In  addition,  minor  changes  have  been  made 
to  other  Categories:  Administrative,  Air  Traffic,  and  Edu¬ 
cation.  The  increments  in  the  Education  Category  would 
reflect  an  increase  in  training  requirements  as  a  result 
of  the  greatly  increased  number  of  recruits.  For  the 
Doctor  Category,  a  steady  decrease  of  four  per  year  for 
the  years  1985  to  1990  is  shown;  such  a  change  could 
result  from  a  policy  decision  to  nudce  more  use  of  local 


Est2Q>lishinent  Variations,  (for  the  Year  Preceding:) 


Category/1  Jem:  83  84  85  86  87  88  89  90 


Pilot  5 

Navigator  -5 

Aeronautical  -5 

Radio  -5 

Armament  -5 

Instrument 

Electrical  -2 

Equipment  3 

Works 

Administrative  6 

Air  Traffic 
Air  Defence 
Intelligence 

Education  7 


Ground  Defence 

Photographic 

Police 

Legal 

Doctor 

Dentist 

Nurse 

Pharmaceutical 

Radiographer 

Laboratory 

Hygiene 


TOTAL:  0  -1 


5  5 

5 


6 

4 

8 


4  -4 


19  6 


5  4 


4  -4  -4 


-4  -4  -4 


-4 


-4 


civilian  medical  facilities,  thereby  reducing  the  number 
of  Service  Doctors  required.  These  changes  are  applied 
to  the  increment  section  of  the  Establishment  data  file. 
The  results  of  the  run  are  shown  in  Figure  8.7.  Note  that 
both  the  Authorized  Terminal  Strength  and  the  Establish¬ 
ment  have  now  been  brought  to  4000  as  in  the  scenario. 

The  net  result  of  the  changes  is  to  reduce  the  average 
deficiency  to  30.  Again,  the  trend  is  very  encouraging, 
with  insignificant  variations  from  the  growth  plan  after 
1  January  1986 . 


Run  Number  Six;  Allocation  of  Recruiting  Short¬ 
falls.  Strength  targets  would  rarely  be  achieved  if 
recruiting  were  stopped  when  the  target  in  any  Category 
was  reached.  The  practice  in  Personnel  Division  is  to 
offset  underachievements  in  one  Category  by  over¬ 
recruiting  in  other  Categories  where  recruiting  constraints 
allow.  The  purpose  of  this  action  is  to  teUce  maximum 
advantage  of  the  authorized  strength.  However,  the  prac¬ 
tice  is  not  desiraUDle,  as  sustained  over-recruiting  leads 
to  "bulges"  in  the  Category  strength  that  can  at  a  later 
stage  give  problems  with  structure.  If,  for  exan^le,  a 
large  number  of  recruits  are  forced  onto  a  Category  for 
several  years,  a  "bulge"  or  strength  wave  will  pass  through 
the  Category.  Those  officers  at  the  peak,  of  the  wave  will 
face  strong  coiq>etltion  for  promotion.  Behind  the  wave. 


Predicted  Category  Shortages:  Establishment 

Variations 
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a  strength  rarefaction  will  occur  as  the  strength  manage¬ 
ment  system  seeks  to  restore  the  Category  to  its  correct 
strength  according  to  its  share  of  the  Authorized  Terminal 
Strength.  The  recruiting  system  will  slow  down^  creating 
discontinuities  in  the  training  system,  and  Personnel 
Division  finds  that  the  number  of  officers  available  for 
promotion  may  be  so  small  that  promotion  vacancies  cannot 
be  filled.  For  these  reasons,  over-recruiting  is  seen  as 
a  last  resort,  and  must  be  used  only  at  the  rate  that  the 
Category  cem  absorb,  hence  the  limit  of  20  placed  on  the 
over-recruiting  in  the  scenario .  Figure  8 . 8  shows  the 
result  of  introducing  over -recruiting  into  the  Equipment 
and  Administrative  Categories.  The  negative  entries  show 
the  over-recruiting,  and  the  positive,  the  recruiting  short¬ 
falls.  Even  with  a  limit  of  20  on  the  over-recruiting,  the 
strength  management  system  now  has  almost  complete  control, 
with  the  strength  targets  being  achieved  by  1  January  1985, 
a  consequent  average  strength  shortfall  of  only 
9.5,  and  no  strength  deficiencies  from  1  January  1985. 

This  is  the  desired  result.  Establishment,  target,  emd 
strength  have  been  made  to  match,  with  growth  to  4000 
being  achieved  by  1  January  1990  as  requested. 

Summary.  A  strength  management  policy  has  now 
been  evolved  from  the  direction  given  in  the  scenario 
printed  above.  In  summary,  the  policy  is: 
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Predicted  Category  Shortages:  Final,  Recruit.  Variations 
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1.  Reduce  wastage  by  15  percent. 

2.  Increment  recruiting  capability  as  shown  in 


Figure  8.4.  The  main  changes  are  significant 
increases  in  the  recruiting  rates  of  the 
Engineer  Branch,  the  Equipment  Category,  and 
the  Doctor  Category. 

3.  Minor  changes  are  required  to  some  Categories. 
In  svimmary,  the  Pilot  Category  is  increased 
at  the  expense  of  the  Navigator  Category;  the 
Equipment  and  the  Administrative  Categories 
are  increased  to  accept  positions  from  the 
Engineer  Brauich.  The  Education  Category  is 
increased  to  assist  training  the  larger  number 
of  new  recruits,  \diile  the  Doctor  Category  is 
reduced  as  a  result  of  a  policy  change  on  the 
use  of  civilian  medical  facilities. 

4.  Over-recruiting  with  an  annual  limit  of  20 
cUsove  target  into  the  Equipment  and  Administra 
tive  Categories  is  authorized. 


An  Examination  of  Strength 
versus  Years  of  Service 

One  of  the  most  interesting  and  enlightening 
studies  of  the  structure  of  an  organization  such  as  the 
Royal  Australian  Air  Force  is  an  examination  of  strength 
versus  years  of  service.  One  way  to  present  this  infor¬ 
mation  is  to  sort  officers  into  "bins"  of  years  of  service 


(e.g.,  0  to  1,  1  to  2,  etc.),  then  plot  the  number  in  each 
bin  versus  the  years  of  service.  The  "correct"  way  to 
present  this  figure  is  in  histogreun  form;  however,  a  more 
convenient  method  is  to  siiqily  join  the  strength  levels 
to  each  other. 

Figure  8.9  shows  such  a  plot.  In  this  figure,  the 
results  from  run  six,  the  final  run  which  produced  the 
desired  strength  management  plan,  have  been  used.  The 
reason  for  using  the  final  run  is  that  policy  decisions 
affect  the  number  of  recruits  in  each  year;  thus  it  is 
best  to  use  a  run  based  on  the  policy  which  has  the  great¬ 
est  likelihood  of  being  implemented.  Two  plots  of  strength 
versus  years  of  seinrice  have  been  used:  one  for  1  Jamuary 
1982,  and  one  for  1  January  1990,  i.e.,  the  beginning  and 
end  of  the  simulation  run.  Overlaying  the  two  plots 
allows  comparisons  to  be  made.  Note  that  the  plots  have 
had  a  linear  regression  of  strength  versus  years  of  ser¬ 
vice  overlayed  on  them. 

Taking  the  1  January  1982  plot  first,  note  that 
there  are  a  number  of  peaks  and  valltsys  in  the  graph. 
Perhaps  the  most  significant  is  the  peak  at  about  the  16 
to  17  years  of  service  level.  This  peak  was  caused  by 
increased  recruiting  rates  during  the  Vietneun  conflict, 
where  the  Royal  Australian  Air  Force  provided  a  number  of 
Units  for  overseas  duty.  After  the  conflict  ended, 
strength  requirements  were  lower  them  the  force  in  being 
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and,  as  a  result,  recjniiting  rates  were  heavily  cut.  When 
the  force  had  dwindled  to  the  required  size,  recruiting 
rates  were  returned  to  their  normal  level.  All  this  can 
be  seen  from  the  plot  at  Figure  8.9  and  clearly  shows  one 
of  the  major  problems  with  strength  nuuiagement .  When  a 
short-term  "step"  in  strength  is  required  in  order  to  ser¬ 
vice  the  demands  of  a  conflict,  the  resultant  recruiting 
rate  will  be  greatly  increased,  then  decreased  below  the 
rate  required  to  service  just  the  losses  experienced 
through  wastage.  Such  wild  oscillations  place  severe 
loads  on  the  recruiting  and  training  system.  An  important 
secondary  effect  is  usually  noted  in  volunteer  forces: 
variations  in  the  quality  of  recruits.  Assuming  a  reason¬ 
ably  constant  application  rate,  increasing  the  recruiting 
rate  inevitably  decreases  the  quality  of  recruits  and  vice 
versa.  Thus,  there  may  well  be  "quality  waves"  as  well  as 
strength  waves  in  the  organization;  these  waves  will  be  180 
degrees  out  of  phase  with  the  strength  waves.  A  common 
error  in  reducing  the  strength  after  a  conflict,  is  to 
adjust  strength  by  adjusting  the  recruiting  rates;  this 
action  can  leave  large  nvimbers  of  lower  quality  personnel 
in  place,  while  higher  quality  personnel  are  denied  entry. 
One  solution  to  this  problem  is  to  recruit  for  a  conflict 
on  the  basis  that  most  of  the  positions  offered  will  be 
temporary;  then  after  the  conflict,  reduce  strength  by 
discharging  the  lower  quality  temporary  personnel.  In 


this  way,  the  quality  of  the  Corps  can  be  maintained  at 
an  even  level  and  the  strength  quickly  reduced  after  the 
conflict  has  ended.  Furthermore,  after  the  initial 
build-up,  the  load  on  the  recsniiting  emd  training  systems 
can  be  maintained  approximately  constant.  Use  of  simula¬ 
tion  models  such  as  ROS  allows  the  necessary  actions  to  be 
predeteinnined . 

The  plot  of  strength  versus  years  of  service  for 
1990  shows  a  terticury,  a  potentially  very  serious  problem 
resulting  from  the  high  recruiting  rates  during  the  Vietnam 
conflict,  and  the  subsequent  failure  to  reduce  strength  by 
reducing  some  of  those  officers  recruited  during  that 
time. 

The  Royal  Australian  Air  Force,  like  the  Armed 
Services  of  the  United  States,  has  a  twenty-year  pension 
scheme,  but  there  is  em  additional  factor;  there  is  no 
"up  or  out"  promotion  policy  in  the  Australian  Armed 
Services,  with  the  result  that  an  officer  has  no  impedi¬ 
ment  to  reaching  20  years  of  service,  and  many  do.  Very 
few  officers  leave  the  Service  between  15  and  20  years  of 
service;  in  fact,  the  wastage  rated  used  in  the  system 
data  file  for  these  years  is  cdsout  2.5  percent  per  annum. 

By  contrast,  the  wastage  rate  for  officers  in  their 
twentieth  year  of  service  is  about  40  percent!  After 
twenty  years  of  service,  the  wastage  rate  remains  high. 
(These  wastage  rates  can -be  seen  in  the  appropriate  section 


of  the  system  data  file.)  Thus,  for  a  large  group  of 
officers  in  the  Vietnam  conflict  pe^dc,  wastage  rates  for 
the  entire  Service  will  be  initially  low;  then  as  they 
achieve  20  years  of  service,  the  wastage  rate  will  be 
higher  than  normal.  If  left  unchecked,  this  tertiary 
effect  will  result  in  markedly  changed  recruiting  rates 
which  is  unsatisfactory  for  the  reasons  given  sdjove.  If 
the  Service  is  seeking  to  increase  strength  during  the 
high  wastage  period,  the  problem  is,  of  course,  compounded. 
Since  this  is  the  case  in  the  scenario  chosen,  high 
recruiting  rates  result,  and  these  can  be  seen  in  the  plot. 
Although  the  actual  peedc  recruiting  rate  is  slightly  below 
400,  officers  entering  the  Service  with  some  years  of 
service  give  a  peak  strength  of  400  officers  emd  2  to  3 
years  of  service  for  the  1990  plot. 

Some  conclusions  can  be  drawn  from  the  two  plots 
in  Figure  8.9.  Regression  lines  have  been  drawn  for  each 
year.  For  1982,  the  regression  line  is  between  a  strength 
of  203  at  zero  years  of  service  and  strength  of  zero  at 
36.3  years  of  service,  vdiile  (only)  eight  years  later  the 
regression  line  for  1990  runs  from  a  strength  of  246.4 
at  zero  years  of  service  to  a  strength  of  zero  at  33.6 
years  of  service.  The  regression  coefficients  for  the 
two  plots  are  -0.88  for  1982,  and  -0.85  for  1990.  Although 
at  first  glance  the  variation  may  not  seem  to  be  signifi¬ 
cant,  the  opposite  is  the  case.  Service  organizations 


tend  to  be  rather  conservative  in  nature,  and  even  small 
changes  can  produce  subjectively  large  results.  The  pre¬ 
dictions  made  by  the  model  are  that  the  average  Royal 
Australian  Air  Force  Officer  will  become  considerably 
younger  over  the  next  eight  years.  In  addition,  the 
recruiting  and  training  system  will  have  to  greatly 
increase  its  output  if  it  is  not  to  become  the  constraint 
on  the  strength  of  the  Air  Force. 

The  dynamics  of  the  Officer  Corps  are  particularly 
interesting.  Using  the  output  from  run  six,  a  three- 
dimensional  plot  of  calendar  year  versus  years  of  service 
versus  strength  has  been  produced,  and  is  shown  at 
Figure  8.10.  Ignore  for  the  moment  the  peaks  below  about 
ten  years  of  service.  The  peaks  evident  in  the  1  January 
1982  strength  versus  years  of  service  plot  can  be  seen  at 
the  edge  of  the  plot  farthest  from  the  viewer.  As  time 
advances,  these  peaks  can  be  seen  to  "march"  forward  as 
expected.  Of  particular  interest  is  the  peak  caused  by  the 
Vietnam  conflict.  As  the  peak  reaches  and  passes  the 
twenty  years  of  service  point,  where  officers  are  eligible 
for  a  pension,  the  high  wastage  rates  in  this  time  zone 
cause  the  peak  to  "melt”  away,  leaving  a  shallow  gradient. 
At  the  seune  time,  the  high  losses,  combined  with  the 
(scenario)  requirement  for  a  strength  growth  of  50  offi¬ 
cers  per  year,  leads  to  greatly  increased  recruiting  rates. 
Although  this  is  not  as  clear  in  Figure  8.10  as  the 
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movement  of  the  waves,  reference  to  the  1  Jeuiuary  1990 
plot  shown  in  Figure  8.9  reveals  the  increase  in  the  last 


year. 


In  summary,  plots  of  strength  versus  years  of 


service  tell  a  good  deal  about  the  structure  of  an  organi¬ 
zation.  Given  that  loss  of  strength  is  inevited>le,  the 
shape  of  the  plot  is  expected  to  be  triangular,  with 
strength  declining  as  years  of  service  increase.  In  a 
perfectly  controlled  organization,  the  decline  will  follow 
a  predetermined  pattern,  generally  reasoneUdly  regular  in 
shape,  as  this  allows  the  orgemization  to  enjoy  steady 
recruiting  cuid  training  rates,  a  constant  recruit  quality, 
and  subsequent  high  levels  of  certainty  as  far  as  quality 
and  number  of  eligible  officers  \dien  promotions  are 
required.  Such  a  state  produces  minimal  demands  on  those 
responsible  for  strength  management.  The  "real  world,"  by 
contrast,  introduces  factors  which  distort  the  structure 
from  the  ideal  state.  The  vagaries  of  international  poli¬ 
tics  and  economics  create  changing  demands  for  (military) 
orgeuii rations.  When  a  strength  disturbance  such  as  a  sus¬ 
tained  conflict  enters  the  orgemization,  the  recruiting 
system  must  first  increase  its  output  ed>ove  normal,  then 
drop  below  the  usual  rate  to  accommodate  the  change.  Thus 
demand  for  strength  changes  often  introduces  a  kind  of 
"idiiplash"  effect  that  exaggerates  the  effect  of  the 


change .  Great  care  must  .be  taUcen  to  minimize  the  effects 


of  such  a  ^iplash.  Use  of  models  such  as  ROS  allows 
planners  to  estimate  the  effects  of  strength  changes,  then 
try  a  different  method  of  minimizing  the  adverse  effects 
"a  priori”  by  testing  plans  with  the  simulation  model. 
Given  that  mistaUces  in  personnel  planning  can  teUce  at 
least  twenty  years  to  eliminate,  this  method  of  testing 
policy  alone  gives  sufficient  reason  to  introduce  and 
maintain  a  simulation  model  such  as  ROS. 


Recruiting  Requirements 

An  important  piece  of  information  resulting  from 
the  scenario  described  above  is  the  recruiting  rate,  for 
this  information  ceui  be  used  for  long-range  plans  regard¬ 
ing  the  resources  to  allocate  to  the  recruiting  and 
ultimately  the  training  sections  of  the  Service.  This 
information  is  readily  obtainable  from  the  ”Tad>ulate” 
function  of  the  ROS  model.  After  the  model  has  been 
advanced  for  at  least  a  year,  and  the  operator  is  offered 
the  choice  of  actions  as  described  in  Chapter  5,  the  option 
"T”  for  "Tabulate”  is  selected.  Once  in  this  mode,  the 
operator  elects  to  tabulate  on  Category  (selection  3), 
obtain  the  subset  of  "significant  change  indicator"  (selec¬ 
tion  5) ,  and  confine  the  significant  chetnges  to  a  signifi¬ 
cant  change  indicator  of  ”2,"  tidiich  is  the  marker  for  an 
officer  yAio  has  been  recruited  during  the  year.  This  may 
seem  a  little  obscure,  but  the  model  provides  the  necessary 


prompts,  and  the  use  of  the  TeUaulate  mode  is  sin^ler  in 
operation  than  the  description  suggests.  This  selection 
exan^le  again  shows  the  power  and  flexibility  of  this  part 
of  the  model. 

The  recruiting  req;uirements  resulting  from  the 
satisfactory  (from  a  strength  management  point  of  view) 
final  "run  six"  of  the  model#  using  the  Tedsulate  function# 
are  included  at  Figure  8.11.  For  comparison#  the  recruit¬ 
ing  limits#  extracted  from  the  system  data  file#  are 
included  at  Figure  8.12.  The  figures  presented  represent 
the  required  recruiting  or  recruiting  limit#  as  appropri¬ 
ate#  for  the  year  prior  to  the  given  date.  Mote  that  the 
results  are  for  a  single  run  of  the  model#  emd  thus  other 
runs  may  give  slightly  different  results  as  a  result  of 
the  stochastic  nature  of  the  model.  (See  Chapter  7  for  a 
discussion  of  varieUt>llity  in  model  output.)  Despite  this 
factor#  such  a  run  can  produce  very  interesting  results. 
The  model  cannot  look  ediead  and  is  thus  "reactive"  to  the 
state  of  the  structure  in  any  year.  Thus#  the  number  of 
recruits  required  for  a  Category  in  a  year  will  depend  on 
the  number  of  officers  who  waste  from  the  Category  and  on 
the  growth#  constrained  at  an  upper  bound  by  recruiting 
limits.  As  described  previously#  the  operator  may  also 
choose  to  force  more  recruits  on  a  particuleu:  Category# 
in  order  to  eliminate  overall  strength  shortfalls  that 
result  from  under-recruiting  in  another  Category. 
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Recruiting  Requirements 

for 

the  Year  Preceding: 

83 

84 

85 

86 

87 

88 

89 

90 

Pilot 

60 

41 

26 

29 

45 

55 

58 

59 

Navigator 

30 

30 

30 

30 

26 

30 

23 

25 

Aeronautical 

20 

20 

30 

27 

26 

35 

30 

33 

Radio 

25 

25 

35 

35 

29 

35 

24 

35 

Armament 

7 

8 

10 

9 

6 

6 

10 

10 

Instrument 

4 

8 

12 

8 

13 

11 

5 

3 

Electrical 

2 

7 

7 

8 

8 

8 

8 

6 

Equipment 

45 

46 

59 

43 

42 

52 

35 

35 

Norks 

5 

6 

3 

4 

4 

4 

3 

0 

Administrative 

22 

34 

26 

24 

37 

35 

38 

19 

Air  Traffic 

17 

23 

24 

28 

32 

34 

23 

25 

Air  Defence 

8 

9 

6 

4 

7 

9 

9 

7 

Intelligence 

9 

9 

9 

9 

9 

9 

2 

9 

Education 

4 

15 

9 

5 

17 

11 

6 

7 

Ground  Defence 

5 

3 

5 

5 

4 

2 

4 

5 

Photographic 

2 

1 

1 

4 

2 

1 

3 

2 

Police 

5 

5 

2 

0 

2 

4 

2 

1 

Legal 

0 

2 

1 

1 

0 

1 

0 

1 

Doctor 

9 

10 

10 

10 

10 

10 

10 

10 

Dentist 

4 

5 

3 

8 

9 

10 

4 

4 

Nurse 

2 

14 

17 

14 

18 

8 

12 

11 

Pharmaceutical 

2 

1 

0 

2 

0 

1 

0 

2 

Radiographer 

1 

2 

1 

0 

0 

2 

0 

0 

Laboratory 

4 

1 

2 

2 

1 

1 

3 

1 

Hygiene 

0 

2 

0 

1 

0 

0 

1 

1 

TOTAL: 

292 

327 

328 

310 

347 

374 

313 

312 

Fig.  8.11  Recruiting  Requirements  by  Category  and 
Year  for  the  Year  Preceding  1  January 


Recruiting  Limits  for  the  Year  Preceding 


Category/ IJan : 

83 

84 

85 

86 

87 

88 

89 

90 

Pilot 

75 

75 

75 

75 

75 

75 

75 

75 

Navigator 

30 

30 

30 

30 

30 

30 

23 

30 

Aeronautical 

20 

20 

30 

30 

30 

35 

40 

40 

Radio 

25 

25 

35 

35 

35 

40 

45 

45 

Armament 

7 

8 

10 

10 

10 

10 

10 

10 

Instrument 

8 

8 

13 

13 

18 

18 

18 

18 

Electrical 

8 

8 

8 

8 

8 

8 

8 

8 

Equipment 

55 

60 

60 

65 

65 

65 

65 

65 

Works 

5 

6 

7 

7 

7 

7 

7 

7 

Administrative 

45 

45 

45 

45 

45 

45 

45 

45 

Air  Traffic 

35 

35 

35 

35 

35 

35 

35 

35 

Air  Defence 

8 

9 

9 

9 

9 

9 

9 

9 

Intelligence 

9 

9 

9 

9 

9 

9 

9 

9 

Education 

20 

20 

20 

20 

20 

20 

20 

20 

Ground  Defence 

5 

5 

5 

5 

5 

5 

5 

5 

Photographic 

5 

5 

5 

5 

5 

5 

5 

5 

Police 

5 

5 

5 

5 

5 

5 

5 

5 

Legal 

5 

5 

5 

5 

5 

5 

5 

5 

Doctor 

10 

10 

10 

10 

10 

10 

10 

10 

Dentist 

15 

15 

15 

15 

15 

15 

15 

15 

Nurse 

30 

30 

30 

30 

30 

30 

30 

30 

Pharmaceut ical 

5 

6 

5 

5 

5 

5 

5 

5 

Radiographer 

5 

6 

5 

5 

5 

5 

5 

5 

LeUsoratory 

7 

8 

8 

8 

8 

8 

8 

8 

Hygiene 

4 

8 

4 

4 

4 

4 

4 

4 

Firstly,  examine  the  recruiting  rate  for  the  Pilot 
Category.  Note  that  the  number  of  recruits  for  1984 
(1  January  1985  column)  drops  to  edsout  half  of  the  1982 
(1  January  1983  column) .  The  reason  for  this  decline  can 
be  seen  by  referring  to  the  strength  versus  years  of 
service  Figures  8.9  and  8.10.  As  the  strength  wave  caused 
by  the  Vietnam  conflict  enters  the  low  wastage  15  to  20 
years  of  service  zone,  wastage  of  pilots  drops,  resulting 
in  a  reduced  recruiting  requirement.  As  some  of  the  group 
reach  20  years  of  service,  and  thus  a  high  wastage  rate 
zone,  the  wastage  rate  rises.  This  effect  is  most  marked 
in  the  Pilot  Category.  There  is  a  different  effect  in  the 
Engineer  Branch  (Categories  Aeronautical  to  Electrical) . 
During  the  Vietnam  conflict,  a  shortage  of  engineers  led  to 
commissioning  a  significant  number  of  noncommissioned 
officers  (sergeants  and  flight  sergeants)  who  already  had 
about  10  years  of  service.  This  group  of  officers  reached 
20  years  of  service  several  years  ago,  and  the  consequent 
high  wastage  rate  from  the  Engineer  Branch  has  produced  a 
number  of  problems  in  maintaining  the  strength  of  this 
Branch,  as  the  action  to  recruit  replacements,  required 
four  to  five  years  in  advance  of  the  higher  wastate  rate, 
was  not  tadcen.  This  situation  could  be  confirmed  by  using 
the  Tabulate  option  to  print  the  years  of  service  of  the 
Engineering  Branch  and  comparing  it  to  the  rest  of  the 
Air  Force.  Figure  8.13  shows  this  plot  for  the  year  1982. 
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The  chronic  shortfall  in  strength  in  the  Engineer  Branch 
that  resulted  can  be  seen  in  the  recruiting  figures  as  a 
high  demand  rate  that  is  at  the  limits  of  the  ability  to 
provide  recruits.  One  of  the  main  purposes  of  the  ROS 
model  is  to  prevent  recurrences  of  such  situations. 

Secondly,  make  a  coitparison  of  the  values  in  the 
two  figures  8.11  and  8.12.  Figure  8.11  contains  recruit¬ 
ing  figures  produced  from  one  run  of  the  ROS  model,  while 
Figure  8.12  contains  the  recruiting  limits,  which  are  an 
estimation  of  the  maximum  number  of  recruits  that  can  be 
introduced  as  a  result  of  factors  such  as  training  limits 
and  limits  to  the  number  of  volunteers  for  a  Category.  If 
the  model  requests  more  than  the  recruiting  limit,  the 
number  of  officers  introduced  into  the  simulation  as 
recruits  will  be  constrained  to  the  recruiting  limit. 

Thus,  if  the  nvimber  of  recruits  is  at  the  recruiting  limit 
this  is  an  indication  that  the  strength  management  is 
either  "out  of  control"  or  at  the  limits  of  control.  Sub¬ 
sequent  printout  of  the  Establishment/Target/Actual/ 
Balance  (ETAB)  table  will  show  the  shortage.  Note  that 
several  Categories  are  in  this  situation  (e.g..  Navigator, 
Aeronautical,  Radio,  Armeunent,  and  Doctor) .  Strength  short 
falls  cem  be  expected  in  these  categories.  Reference  to 
Figure  8.8,  the  predicted  category  strength  shortfall, 
shows  this  situation  to  be  the  case.  By  increasing  the 
recruiting  limits,  reducing  Category  wastage,  or  reducing 


growth,  if  possible,  the  situation  can  be  brought  under 
control.  Ideally,  there  should  be  some  reserve  capacity 
in  the  recruiting  and  training  system  to  allow  for  fluctua 
tion  in  the  wastage  and  growth  rate.  If  this  reserve 
capacity  can  be  provided,  the  strength  management  problem 
becomes  much  sinpler,  as  slightly  higher  demands  for 
recruiting  than  expected  can  be  eUssorbed  by  the  reserve 
capacity.  One  of  the  unfortunate  factors  in  strength  man¬ 
agement  is  that  if  a  strength  shortfall  occurs  for  any 
reason,  it  will  be  carried  forward  to  the  next  year,  pro¬ 
viding  additional  load  on  the  recruiting  and  training  sys¬ 
tem.  Thus,  while  strength  surpluses  can  be  handled 
easily  (e.g.,  by  reducing  or  stopping  recruiting  for  a 
time) ,  recovery  from  a  strength  shortfall  is  nuch  more  dif 
ficult.  Assuming  that  expected  values  have  been  given  to 
the  model  as  suggested,  cases  vdiere  the  Category  strength 
will  go  "out  of  control"  as  shown  by  demands  for  recruits 
at  the  limit  of  the  recruiting  rate  should  be  examined 
very  carefully,  and  if  additional  capacity  cannot  be  found 
the  strength  of  the  Category  should  be  carefully  monitored 
to  allow  early  action  to  be  taken  before  the  problem 
becomes  chronic.  Clearly,  using  the  ROS  model  to  predict 
such  situations  is  an  efficient  and  effective  way  of  pro¬ 
viding  such  monitoring. 
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Model  Variability 

In  Chapter  7,  the  issue  of  model  varied>llity  was 
discussed.  Given  the  stochastic  nature  of  events  such  as 
wastage  and  promotion,  some  variation  between  runs  must 
be  expected.  An  experiment  was  conducted  to  evaluate  the 
variability  of  the  model,  and  the  number  of  officers 
eligible  for  promotion  in  the  General  Duties  Branch  was 
chosen  as  the  parameter  to  evaluate.  The  model  was 
adveuiced  from  the  base  year,  and  \dien  1983  was  reached, 
the  Tabulate  option  was  used  to  extract  the  number  of 
General  Duties  officers  eligible  for  promotion  from  the 
data  base.  When  this  report  had  been  obtained,  the 
restart  option  was  invoked.  This  option  reloads  all  the 
data  base  files  but  does  not  reset  the  random  number 
generator,  so  that  on  the  next  run,  the  model  starts  with 
a  new  random  number  stream  and  thus  gives  a  different  set 
of  results.  This  process  was  carried  out  a  nvunber  of  times 
in  order  to  yield  the  five  sets  of  results  shown  in 
Figure  8.14.  Five  runs  were  completed  as  this  number 
seems  to  be  a  good  compromise  between  estimating  the  stan¬ 
dard  deviation  of  the  vari2d>ility.  and  the  time  taken  to 
run  the  model,  idiich  can  be  extensive  for  complex  experi¬ 
ments. 

As  can  be  seen  from  Figure  8.14,  some  variability 


is  evident.  By  examining  the  standard  deviation  of  the 
results,  the  operator  ceui  obtain  an  estimate  of  the  range 


Predicted  Nxunber  of  Officers  Eligible  for  Promotion 
in  the  General  Duties  Breuich/  at  1  Jemuary  1983 


Category/Rank :  1 

2 

3 

D1 

5 

6 

Run  1 

101 

173 

106 

86 

32 

8 

Run  2 

105 

169 

103 

76 

30 

6 

Run  3 

102 

169 

105 

84 

33 

8 

Run  4 

102 

181 

115 

92 

34 

8 

Run  5 

100 

177 

107 

85 

29 

8 

Mean 

102 

174 

107 

85 

32 

8 

Standard  Devn 


Ranks:  1  »  F 


Flying  Officer 
Flight  Lieutenant 
Squadron  Leader 
Wing  Commander 
Group  Captain 
Air  Commodore 


Fig.  8.14  Officers  Eligible  for  Promotion:  as  at 
1  January  1983  for  the  General 
Duties  Branch 


of  values  the  "real  world"  can  t£Uce  about  the  expected 
value.  The  implicit  assumption  in  the  previous  statement 
is  that  the  model  has  been  validated  by  the  method (s)  sug¬ 
gested  in  Chapter  7  and  that  it  has  been  provided  with 
data  that  is  the  best  estimate  of  future  events,  as  sug¬ 
gested  eJaove.  Estimation  of  the  ntimber  of  officers 
eligible  for  promotion  is  a  common  Personnel  Division 
task;  thus  the  variability  of  the  results  is  directly  rele 
vant  to  a  possible  use  of  the  Model.  In  the  case  of  the 
number  of  General  Duties  officers  eligible  for  promotion, 
the  variability  of  results  as  estimated  by  the  standard 
deviation  is  generally  much  less  than  10  percent  of  the 
i  ran.  The  opinion  and  experience  of  the  author  (Mills, 
1979-1981)  is  that  such  a  range  of  values  is  small  enough 
to  be  sufficiently  accurate  for  memagement  purposes,  given 
the  often  subjective  nature  of  personnel  administration. 
The  conclusion  is  that  the  model  estimates  could  be 
directly  used  for  promotion  board  deliberations.  Estima¬ 
tion  of  eligibility  and  promotion  vacancies  is  a  time- 
consuming  business,  taking  several  man-days  for  each  pro¬ 
motion  board.  The  ROS  model  can  provide  the  necessary 
advice  with  cd>out  two  man-hours'  effort.  Thus,  one  of  the 
potential  uses  of  the  ROS  is  its  ability  to  con^lete 
routine  persoimel  administration  tasks  with  a  greatly 
reduced  expenditure  of  human  effort. 


Royal  Australian  Officer 
Corps  Costs 


This  example  of  a  possible  use  of  the  model  has 
been  left  until  last,  as  it  is  the  latest  module  to  be 
added  to  the  model.  Two  types  of  costs  are  represented: 
salary  and  training.  Note  that  these  costs  are  subject  to 
variation  due  to  the  stochastic  nature  of  the  model,  and 
thus  the  costs  presented  here  are  an  example  extracted  from 
a  single  run  of  the  model.  If  the  expected  costs  are 
required,  then  several  runs  of  the  model  should  be  made 
using  the  "restart"  option,  and  the  resulting  cost  figures 
averaged  to  produce  an  estimate.  The  run  chosen  to  give 
representative  figures  is  the  final  "run  six"  as  used 
above.  Figures  8.15,  8.16,  and  8.17  provide  a  siunmary  of 
the  results  for  salary,  training,  and  total  costs  respec¬ 
tively.  In  these  figures,  costs  have  been  expressed  as 
$Australian  *  1,000,000,  listed  to  three  significant 
figures  to  allow  all  the  costs  to  be  included  on  a  single 
page.  In  the  model,  invoking  the  "C"  for  "Costs"  option 
produces  a  table  where  costs  are  expressed  as  integers  to 
single  dollar  precision.  Since  this  format  produces  a 
lengthy  printout,  a  compressed  format  was  chosen  to  present 
the  results.  Another  factor  in  the  presentation  of  costs 
is  the  exclusion  of  factors  for  inflation  or  discounting 
to  present  values,  discussed  in  Chapter  6.  Ignoring  these 
factors  allows  direct  comparison  of  the  effect  of  policy 
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Officer  Corps  Salary  Costs  for  the  Year  Preceding 


Class/1  Jan 

83 

84 

85 

85 

87 

88 

m 

90 

CATEGORY : 

Pilot 

27.1 

26.1 

26.5 

26.3 

26.7 

26.9 

26.8 

26.5 

Navigator 

11.6 

11.7 

11.9 

12.2 

12.5 

12.4 

12.2 

12.4 

Aeronautical 

8.41 

8.53 

8.73 

8.71 

8.73 

8.94 

8.75 

8.73 

Radio 

8.03 

8.23 

8.54 

8.65 

8.65 

8.63 

8.75 

9.10 

Armament 

1.99 

2.04 

2.21 

2.18 

2.16 

2.21 

2.28 

2.34 

Instalment 

2.37 

2.48 

2.50 

2.50 

2.60 

2.59 

2.71 

2.58 

Electrical 

1.47 

1.56 

1.60 

1.50 

1.55 

1.58 

1.56 

1.55 

Equipment 

14.6 

15.1 

15.6 

15.8 

16.1 

16.5 

16.6 

16.7 

Works 

0.88 

0.95 

0.97 

1.02 

1.05 

1.09 

1.10 

1.14 

Administrative 

9.69 

9.90 

9.94 

10.2 

10.3 

10.7 

10.3 

10.2 

Air  Traffic 

6.91 

7.15 

7.54 

7.76 

8.00 

8.06 

8.21 

8.16 

Air  Defence 

1.74 

1.84 

1.81 

1.85 

1.95 

2.06 

2.11 

2.05 

Intelligence 

1.51 

1.55 

1.71 

1.80 

1.89 

1.94 

1.95 

1.90 

Education 

3.48 

3.77 

3.82 

3.91 

4.16 

4.15 

4.24 

4.05 

Ground  Defence 

1.06 

1.06 

1.11 

1.16 

1.18 

1.15 

1.20 

1.22 

Photographic 

0.39 

0.39 

0.44 

0.45 

0.43 

0.48 

0.47 

0.48 

Police 

0.71 

0.69 

0.63 

0.65 

0.70 

0.63 

0.65 

0.63 

Legal 

0.35 

0.38 

0.35 

0.35 

0.33 

0.36 

0.34 

0.41 

Doctor 

2.16 

2.21 

2.46 

2.57 

2.56 

2.47 

2.25 

2.31 

Dentist 

1.53 

1.58 

1.53 

1.60 

1.72 

1.75 

1.83 

1.71 

Nurse 

2.76 

2.97 

3.06 

3.17 

3.03 

3.21 

3.12 

3.15 

Pharma  ceut ical 

0.36 

0.35 

0.34 

0.36 

0.39 

0.39 

0.40 

0.38 

Radiographer 

0.15 

0.18 

0.18 

0.16 

0.17 

0.21 

0.19 

0.17 

Laboratory 

0.26 

0.22 

0.22 

0.23 

0.26 

0.22 

0.23 

0.24 

Hygiene 

0.16 

0.21 

0.17 

0.17 

0.21 

0.17 

0.18 

0.18 

BRANCH: 

General  Duties 

38.7 

38.6 

38.4 

38.5 

39.2 

39.3 

39.1 

38.8 

Engineer 

22.3 

22.8 

23.6 

23.5 

23.7 

24.0 

24.1 

24.3 

Equipment 

15.9 

16.0 

16.6 

16.8 

17.2 

17.6 

17.3 

17.8 

Special  Duties 

25.8 

26.7 

27.4 

28.2 

29.0 

29.5 

29.5 

29.1 

Medical 

7.40 

7.71 

8.00 

8.27 

8.34 

8.43 

8.19 

8.13 

RAAF  TOTAL: 

110 

112 

U4 

115 

117 

119 

U8 

118 

Fig.  8.15  Salary  Costs  by  Category,  Branch,  and  RAhF 
for  the  Year  Preceding  1  January  for  "Run 
Six”  of  the  ROS  Model 


Mote:  Costs  are  in  $Australlem  *  1,000,000 


Officer  Corps  Training  Costs 

for  the  Year  Preceding: 

Class/1  Jan 

83 

84 

85 

86 

87 

88 

89 

90 

CATEGORY : 

Pilot 

8.40 

6.44 

4.20 

4.20 

6.72 

8.12 

8.96 

8.68 

Navigator 

2.55 

2.55 

2.55 

2.30 

2.21 

2.30 

1.53 

1.87 

Aeronautical 

1.00 

1.00 

1.40 

1.30 

1.50 

1.75 

1.25 

1.15 

Radio 

1.25 

1.25 

1.75 

1.75 

1.75 

1.70 

1.30 

2.00 

Armeuaent 

0.32 

0.32 

0.45 

1.36 

0.27 

0.27 

0.27 

0.45 

Instrument 

0.16 

0.32 

0.36 

0.32 

0.44 

0.40 

0.56 

0.32 

Electrical 

0.84 

0.21 

0.34 

0.21 

0.25 

0.25 

0.13 

0.13 

Equipment 

2.70 

0.29 

0.32 

0.30 

0.29 

0.28 

0.22 

0.22 

Works 

1.25 

0.15 

0.03 

0.05 

0.03 

0.05 

0.05 

0.06 

Administrative 

1.32 

0.24 

0.14 

0.19 

0.23 

0.28 

0.19 

0.14 

Air  Traffic 

4.25 

0.58 

0.70 

0.73 

0.80 

0.68 

0.65 

0.58 

Air  Defence 

5.20 

0.59 

0.33 

0.26 

0.46 

0.59 

0.59 

0.59 

Intelligence 

0.63 

0.06 

0.06 

0.06 

0.05 

0.06 

0.05 

0.03 

Education 

0.48 

0.24 

0.14 

0.08 

0.19 

0.17 

0.18 

0.08 

Ground  Defence 

0.90 

0.05 

0.07 

0.09 

0.09 

0.09 

0.09 

0.09 

Photographic 

0.14 

0.01 

0.01 

0.01 

0.00 

0.01 

0.01 

0.01 

Police 

0.33 

0.03 

0.01 

0.01 

0.03 

0.01 

0.01 

0.00 

Legal 

0.00 

0.01 

0.01 

0.01 

0.00 

0.01 

0.00 

0.02 

Doctor 

0.54 

0.60 

0.60 

0.54 

0.30 

0.24 

0.00 

0.36 

Dentist 

0.19 

0.24 

0.10 

0.14 

0.29 

0.29 

0.43 

0.19 

Nurse 

0.01 

0.07 

0.08 

0.11 

0.06 

0.09 

0.05 

0.05 

Pharmaceutical 

0.05 

0.03 

0.00 

0.03 

0.05 

0.05 

0.06 

0.05 

Radiographer 

0.02 

0.04 

0.02 

0.00 

0.00 

0.04 

0.02 

0.00 

LeUboratory 

0.03 

0.01 

0.01 

0.01 

0.02 

0.00 

0.00 

0.00 

Hygiene 

0.00 

0.01 

0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

BRANCH: 

General  Duties 

U.O 

9.00 

6.75 

6.50 

8.93 

10.4 

10.5 

10.6 

Engineer 

2.81 

3.10 

4.30 

3.94 

4.21 

4.37 

3.51 

4.05 

Equipment 

0.40 

0.44 

0.35 

0.35 

0.32 

0.33 

0.27 

0.30 

Special  Duties 

1.32 

1.81 

1.48 

1.44 

1.85 

1.88 

1.75 

1.53 

Medical 

0.85 

1.00 

0.81 

0.82 

0.73 

0.71 

0.58 

0.66 

RAAF  TOTAL: 

16.3 

15.3 

13.7 

13.0 

16.0 

17.7 

16.6 

17.1 

I 


Fig.  8.16  Training  Costs  by  Category,  Branch,  and  RAAF 
for  the  Year  Preceding  1  January  for  "Run 
Six”  of  the  ROS  Model 

Note:  Costs  are  $Australian  *  1,000,000. 


Officer  Corps  Total  Costs  for  the  Year  Preceding: 


Class/1  Jan 

83 

84 

85 

86 

87 

88 

89 

90 

CATEGORY: 

Pilot 

35.5 

33.4 

30.7 

30.5 

33.5 

35.0 

35.8 

35.1 

Navigator 

14.1 

14.3 

14.4 

14.5 

14.7 

14.7 

13.8 

14.2 

Aeronautical 

9.42 

9.54 

10.1 

10.0 

10.2 

10.7 

10.0 

9.88 

Radio 

9.28 

9.48 

10.3 

10.4 

10.4 

10.3 

10.1 

U.l 

Armanent 

2.31 

2.35 

2.66 

2.54 

2.43 

2.48 

2.55 

2.79 

Instrument 

2.54 

2.80 

2.86 

2.82 

3.04 

2.99 

3.27 

2.90 

Electrical 

1.56 

1.77 

1.93 

1.71 

1.80 

1.83 

1.68 

1.68 

Equipment 

14.9 

15.4 

15.9 

16.1 

16.4 

16.7 

16.8 

16.9 

Works 

1.01 

1.10 

1.00 

1.07 

1.07 

1.14 

1.15 

1.21 

Administrative 

9.83 

10.1 

10.1 

10.4 

10.6 

11.0 

10.5 

10.4 

Air  Traffic 

7.33 

7.73 

8.24 

8.48 

8.80 

8.74 

8.86 

8.74 

Air  Defence 

2.26 

2.42 

2.14 

2.11 

2.41 

2.64 

2.69 

2.63 

Intelligence 

1.57 

1.62 

1.77 

1.86 

1.94 

2.00 

2.00 

1.93 

Education 

3.53 

4.01 

3.97 

4.00 

4.35 

4.32 

4.42 

4.14 

Ground  Defence 

1.15 

1.11 

1.18 

1.25 

1.27 

1.24 

1.29 

1.31 

Photographic 

0.40 

0.40 

0.45 

0.46 

0.43 

0.50 

0.47 

0.48 

Police 

0.74 

0.72 

0.64 

0.67 

0.72 

0.64 

0.66 

0.63 

Legal 

0.35 

0.39 

0.36 

0.36 

0.33 

0.37 

0.34 

0.43 

Doctor 

2.70 

2.81 

3.06 

3.11 

2.86 

2.71 

2.25 

2.67 

Dentist 

1.72 

1.82 

1.62 

1.75 

2.01 

2.04 

2.26 

1.90 

Nurse 

2.78 

3.04 

3.14 

3.28 

3.09 

3.29 

3.16 

3.20 

Pharmaceutical 

0.42 

0.38 

0.34 

0.39 

0.45 

0.44 

0.48 

0.44 

Radiographer 

0.17 

0.22 

0.20 

0.16 

0.16 

0.25 

0.21 

0.17 

L^d^oratory 

0.29 

0.22 

0.23 

0.24 

0.27 

0.22 

0.23 

0.24 

Hygiene 

0.16 

0.22 

0.17 

0.17 

0.23 

0.17 

0.18 

0.18 

BRANCH: 

General  Duties 

49.7 

47.6 

45.1 

45.0 

48.2 

49.7 

49.5 

49.4 

Engineer 

25.1 

25.9 

27.9 

27.5 

27.9 

28.3 

27.6 

28.3 

Equipment 

15.9 

16.5 

16.9 

17.2 

17.5 

17.9 

18  iO 

18.1 

Special  Duties 

27.2 

28.5 

28.8 

29.6 

30.8 

31.4 

31.2 

30.7 

Medical 

8.25 

8.71 

8.76 

9.10 

9.07 

9.14 

8.77 

8.79 

RAAF  TOTAL: 

126 

127 

128 

128 

133 

136 

135 

135 

Fig.  8.17  Total  Costs  by  Category,  Branch,  and  RAAF 
for  the  Year  Preceding  1  January  for  "Run 
Six"  of  the  ROS  Model 


Note:  Costs  are  in  ^Australian  *  1,000,000 
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changes  on  costs.  Both  Inflation  and  discounting  are  pro¬ 
portional  to  the  base  rate;  hence,  their  inclusion  would 
only  meUce  such  comparisons  difficult  without  adding  to 
the  information  content  of  the  model . 

Salary  Costs.  The  salary  costs  for  a  section  of 
the  Officer  Corps  (e.g.,  a  Category  or  Bremch)  depends  on 
three  factors — the  level  of  salary,  the  niunber  in  the 
section,  and  the  structure  of  the  section.  In  the 
scenario,  salaries  are  fixed;  however,  growth  is  attained 
which  increases  costs,  but  as  yovinger,  lower  ranked  offi¬ 
cers  replace  the  older,  higher  ranked  officers  (assuming 
not  all  promotion  vacancies  can  be  filled) ,  salary  costs 
for  the  entire  force  decrease.  The  net  effect  of  these 
two  forces  can  be  seen  in  the  total:  salary  costs  rise 
steadily  until  1988,  then  decrease  slightly.  One  conclu¬ 
sion  is  that  initially  growth  is  the  prime  factor  in  costs; 
however,  as  the  target  is  reached  and  the  structure  of  the 
Officer  Corps  chemges,  costs  reduce  slightly.  Examination 
of  individual  Category  figures  show  different  net  effects 
depending  on  the  state  of  the  Category.  For  exan^le,  in 
the  case  of  the  Pilot  Category,  within  the  limits  of  model 
variability,  costs  are  essentially  constant,  since  strength 
and  structure  is  held  fairly  constant.  In  the  case  of 
the  Equipment  Category,  vdiere  steady  growth  is  allowed, 
costs  rise  steadily.  These  exanqples  show  that  the  salary 
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cost  calculations  presented  by  the  cost  option  are  useful 
to  gauge  the  aggregate  effect  of  factors  that  affect 
salary . 

Training  Costs.  The  factors  that  affect  training 
costs  are  the  cost  of  acquiring/ training  an  officer, 
growth,  recruiting  limits,  and  wastage  levels,  since  each 
officer  vrtio  leaves  must  be  replaced.  Figure  8.16  estimates 
the  training  costs  by  determining  the  number  of  officers 
recruited  during  the  period  of  interest.  The  effects  of 
the  Vietnam  conflict  on  wastage  levels  was  noted  aUsove, 
and  can  be  seen  again  in  the  total  wastage  figures.  As 
officers  enter  the  15  to  20  years  of  service  low  wastage 
rate  zone,  wastage  and  hence  training  costs  initially 
decrease,  then  increase  as  some  of  these  officers  attain 
20  years  of  service  and.  enter  the  high  wastage  rate  zone. 
This  effect  is  particularly  noticeable  in  the  Pilot  Cate* 
gory.  Other  trends  in  training  costs  can  be  seen  and 
again  depend  on  the  aggregate  of  forces  acting  on  the 
Category.  For  exanple,  in  the  Navigator  Category,  train¬ 
ing  costs  are  initially  constant  as  a  constant  number  are 
trained  to  fill  a  strength  shortfall,  then  ease  as  the 
Category  strength  comes  under  control.  Similar  effects 
can  be  seen  in  other  Categories. 

Total  Costs.  Figure  8.17  shows  the  aggregate 
costs.  These  show  a  growth  to  1988,  then  a  slight 


decline,  \diich  is  the  expected  result,  since  total  costs 
are  simply  a  sum  of  salary  and  training  costs. 

Conclusions .  As  stated  in  Chapter  6,  the  cost 
module  is  largely  experimental  and,  unlike  other  sections 
of  the  model,  has  not  yet  been  put  to  5Uiy  "real"  use. 
However,  the  results  obtained  show  that  at  least  as  a 
starting  point,  reducing  the  structure  to  a  cost  figure  is 
possible.  More  work  will  probably  need  to  be  done  to 
align  cost  figures  with  those  determined  in  the  "real 
world;"  however,  this  is  likely  to  require  data  rather 
th^ul  extensive  programming  changes.  Thus,  the  costing 
module  added  should  provide  a  useful  starting  point  for 
such  work. 

Conclusions 

This  chapter  has  described  a  number  of  uses  for  the 
ROS  model.  Although  these  are  representative,  they  by  no 
means  provide  a  con^lete  picture  of  the  kinds  of  experi¬ 
ments  for  which  the  model  can  be  used.  The  variety  of 
research  questions  that  arise  in  personnel  administration 
is  very  high,  mainly  because  of  the  large  number  of 
states  that  may  be  produced  by  the  "effector"  varicUales 
that  affect  the  structure  of  the  organization.  The  pur¬ 
pose  of  constructing  a  nearly  isomorphic  model  of  the 
Royal  Australieui  Air  Force  Officer  Corps  is  to  provide  a 


tool  that  can  be  used  to  examine  the  effects  of  changes  in 
these  "effectors"  on  the  structure  of  the  Officer  Corps. 

Three  factors  assist  such  research.  Firstly,  the 
operator  can  make  changes  to  the  model ' s  data  base  by 
editing  the  input  data  files  or  by  changing  interactive 
operator  responses  from  the  terminal  as  the  siimilation  pro 
ceeds.  Secondly,  the  consequent  structure  of  the  Officer 
Corps,  as  represented  by  the  simulation,  can  be  readily 
determined  using  either  the  fixed  format  reports  such  as 
the  ETAB  tcUale  or  the  variable  format  tables  provided  by 
the  Tabulate  function.  Finally,  and  most  importcuitly,  the 
model  processes  each  officer  in  the  same  (isomorphic) 
way  as  does  the  Royal  Australian  Air  Force  Personnel 
Division;  thus,  the  "real  world"  response  to  a  change  in 
factors  that  affect  the  Officer  Corps  structure  can  be 
accurately  simulated  using  the  ROS  model. 
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SUMMARY,  CONCLUSIONS,  AND 
RECOMMENDATIONS 


Introduction 

In  this  final  chapter  of  this  thesis,  three  sec¬ 
tions  are  included.  A  brief  summary  provides  an  overview 
of  the  work  done.  Conclusions  comment  on  the  results  of 
the  work.  Recommendations  point  to  future  work  that  could 
be  done  in  the  area.  Combined,  the  three  sections  provide 
an  "executive  summary"  of  the  thesis. 

Summary 

Chapter  1;  Background.  The  first  chapter  reaches 
a  statement  of  the  problem  to  be  researched,  by  placing 
the  subject  in  context  with  the  rest  of  the  world.  The 
Royal  Australian  Air  Force  (RAAF) ,  in  common  with  other 
Armed  Services  in  the  world,  seeks  to  make  optimum  use  of 
the  resources  made  available  to  it.  One  of  these  resources 
is  manpower.  The  high  cost  of  training,  salaries,  the 
long  lead  time  required  to  obtain  skilled  personnel,  aoid 
the  niunber  of  factors  which  affect  the  structure  of  the 
Service  make  it  essential  to  manage  the  manpower  resource 
in  a  skillful  manner.  The  essence  of  the  problem  is  to 
"manage  the  manpower  resource  in  a  way  that  maximizes  the 
effectiveness  and  efficiency  of  the  Armed  Services." 


Chapter  2;  Functions  of  a  Personnel  System.  The 


management  of  manpower  is  presented  as  a  purposeful,  sys¬ 
tematic  activity.  Strategic  assessments  lead  to  a  demand 
for  a  defense  capability,  and  to  meet  this  requirement, 
tasks  and  resources  are  allocated.  The  tasks  are  factored 
in  a  way  that  yields  (amongst  other  things)  an  orgemiza- 
tion,  and  authority  to  fill  that  organization  with  per¬ 
sonnel,  although  at  times  there  is  a  shortfall  in  the  allo¬ 
cation  of  resources  compared  with  the  number  of  personnel 
assessed  as  being  required  to  complete  the  tasks.  Resource 
allocation  rules  for  the  RAAF  under  such  circumstances  are 
identified.  Next,  a  sequence  of  activities  in  the  Per¬ 
sonnel  Division  is  defined.  The  initial  activity,  and  the 
one  that  has  greatest  effect  on  the  structure  of  the  Ser¬ 
vice,  is  loss  of  personnel  (for  any  reason),  defined  as 
"wastage."  Promotions  take  place  annually  to  replace 
wastage  and  allow  growth,  where  necessary.  At  the  lowest 
level  of  the  structure,  recruitment  and  training  accommo¬ 
dates  the  net  effect  of  growth  and  wastage.  Some  of  the 
complexities  of  these  activities  are  identified,  and  the 
"systems"  method  management  of  these  activities  is  recom¬ 
mended,  because  of  the  complexity  of  the  situation.  A 
"systems"  approach  is  one  that  considers  the  whole  of  the 
problem  simultaneously,  rather  than  more  usual  "analytical" 
methods  where  segments  of  the  problem  are  attacked  piece¬ 
meal  . 
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Chapter  3;  Literature  Review.  The  purpose  of  this 
chapter  is  to  place  the  thesis  work  in  context  with 
similar  work  being  done  elsewhere.  Two  thrusts  were  pur¬ 
sued — military  and  civilieui.  The  military  work  was  iden¬ 
tified  largely  through  the  Defense  Logistics  Studies  Infor¬ 
mation  Exchange  (DLSIE)  .  This  search  revealed  a  veiry  high 
level  of  activity,  with  well  over  100  con^uter  simulation 
models  being  listed.  Of  the  U.S.  Armed  Services,  the  U.S. 
Navy  seems  to  be  the  most  active,  and  two  models  very 
similar  to  the  work  reported  in  this  thesis  vere  listed. 

The  U.S.  Air  Force  also  has  at  least  one  model  of  a 
similar  type  to  the  RAAF  Officer  Structure  (ROS)  model. 

In  complete  contrast,  very  little  work  of  a  similar  nature 
could  be  found  in  the  civilian  literature.  There  were  a 
nvimber  of  articles  that  identified  the  issues  in  human/ 
manpower  resource  management,  but  only  one  showed  evidence 
of  in^lementation  of  the  principles  in  a  working  organiza¬ 
tion.  Comments  within  the  articles  showed  that  the 
authors  had  also  found  little  evidence  of  computer-assisted 
manpower  management.  Speculation  on  the  reason  for  this 
disparity  concludes  that  a  transfer  of  computer  simulation 
technology  from  the  weapons  development  area  to  the 
resource  management  area  is  the  most  likely  cause  for  the 
substantial  lead  the  military  has  over  civilian  organiza¬ 
tions  in  this  method  of  manpower  resource  management. 
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Chapter  4:  Computer  Assisted  Strength  Management. 


The  rationale  for  computer-assisted  strength  management 
is  outlined;  the  large  number  of  factors  involved  and  the 
number  of  calculations  required  places  the  problem  beyond 
manual  endeavor,  at  least  using  a  reasonable  amount  of 
resources  for  the  development  process.  The  concept  of 
"isomorphic"  models  is  introduced;  an  isomorphic  model  of 
an  organization  is  one  which  treats  the  entities  in  the 
model  in  the  S2une  way  as  they  are  treated  in  the  "real 
world."  Two  models.  Force  Variation  (FORVAR)  and  ROS  are 
described.  FORVAR  is  a  strategic  planning  model,  which 
allows  rapid  assessments  of  the  number  of  personnel 
required  as  a  result  of  a  change  in  strategic  circum¬ 
stances  which  affect  force  structure.  ROS  is  a  model 
which  takes  the  output  of  the  FORVAR  model  and  develops 
a  plan  to  achieve  the  changes  identified  by  FORVAR.  Thus, 
the  two  models  form  a  plemning  hierarchy.  The  method  of 
developing  a  pleui  is  outlined.  Iterative  planning  is 
recommended.  In  this  method,  closure  on  a  feasible  emd 
acceptable  plan  is  accomplished  by  using  the  models  to 
identify  infeasible  changes,  then  cyclically  amend  the 
strategic  plan  using  FORVAR,  and  then  test  the  consequent 
changes  with  the  ROS  model  until  a  satisfactory  result  is 
obtained.  Since  such  work  would  be  beyond  the  capacity  of 
a  manual  planning  system,  the  use  of  conqputer  assistance 
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in  this  manner  is  considered  essential.  The  final  section 
of  this  chapter  identifies  the  thesis  task,  repeated  below. 

Chapter  5:  RAAF  Officer  Structure  Model.  The  ROS 
model  has  a  long  history,  being  developed  for  the  Austral¬ 
ian  Army  and  Navy  by  (what  is  now)  the  Central  Studies 
Estcdslishment,  using  modeling  techniques  derived  from 
experience  gained  in  weapons  development.  The  need  for  a 
comprehensive  model  is  identified.  The  model  was  con¬ 
structed  to  be  "isomorphic"  (i.e,,  "of  like  or  similar 
form"),  with  FORTRAN  being  chosen  as  the  language,  to 
allow  the  management  of  a  large  data  base  and  the  produc¬ 
tion  of  formatted  reports.  Running  the  model  requires  a 
mini-computer;  the  simulation  program  calls  on  four 
data  files  as  inputs  and  uses  a  further  four  files  as 
working  or  output  files.  The  model,  being  isomorphic  with 
the  RAAF  Personnel  Division,  processes  activities  in  the 
Scune  order  as  the  Division.  The  demand  for  officers  is 
read  from  a  data  file,  the  operator  (interactively)  desig¬ 
nates  the  resources  allocated,  and  the  model  distributes 
these  resources  via  allocation  rules.  Next,  wastage  is 
determined,  followed  by  promotion  to  meet  the  requirements 
set  by  wastage  and  growth.  Recruits  are  introduced  and, 
finally,  the  model  reorganizes  and  ages  all  the  officers 
in  the  Service  (the  model  uses  a  time  step  of  one  year) . 
Extensive  output  is  available  from  the  model,  and  these 


documents  may  be  printed  at  the  terminal  for  the  operator, 
or  written  onto  a  file  for  later  printing  by  a  high¬ 
speed  printer.  Some  of  the  reports  are  identical  to  those 
used  in  the  manual,  short-term,  strength  management  system, 
so  that  no  training  is  required  to  teach  people  to  inter¬ 
pret  the  results.  Other  reports  allow  the  operator  to 
construct  reports  on  the  structure  of  the  service  by  any 
combination  of  time  in  rank,  length  of  service,  Catetory, 
Branch,  significant  change  indicator,  and  eligibility  for 
promotion.  A  new  section  of  the  model  allows  the  estima¬ 
tion  of  salary  and  training  costs. 

Chapter  6:  Assumptions,  Approximations,  and  Future 
Development .  The  purpose  of  this  section  of  the  thesis  is 
to  provide  the  reader  with  an  understanding  of  the  assump¬ 
tions  and  approximations  used  in  the  model,  which  should 
give  a  good  understanding  of  the  limitations  of  the  model 
and,  at  the  same  time,  point  to  is^rovements  that  can  be 
made  in  the  model  (hence  the  insertion  of  this  subject  in 
the  chapter,  rather  than  at  the  end,  as  is  more  usual) . 

A  time  step  of  a  year  is  used,  and  the  status  of  an  officer 
is  assessed  at  that  time,  even  though  many  of  the  processes 
are  continuous.  The  method  of  recording  the  "Establish¬ 
ment"  or  demand  for  officers  is  identical  to  the  manual 
system,  and  the  model  assumes  that  the  future  Establish¬ 
ment  will  be  known.  Resource  allocation  is  based  on 
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arbitrary  rules,  but  these  also  are  the  same  ones  used  by 
Personnel  Division.  Wastage  is  modeled  as  a  loss  from 
each  Branch  of  the  Service,  from  each  year  of  service, 
and  the  estimate  of  the  loss  rate  is  based  on  historical 
records.  One  of  the  problems  encountered  is  the  small 
wastage  data  base,  and  the  suggestion  is  made  to  improve 
this  section  of  the  model.  Representation  of  the  promo¬ 
tion  system  is  problematical,  as  the  rules  for  promotion 
are  not  well  defined  in  the  Personnel  Division;  this 
section  of  the  model  is  based  on  am  observation  of  the 
behavior  of  promotion  boards  and  is,  of  necessity,  rather 
empirical.  Analytical  methods  of  improving  this  section 
of  the  model  are  suggested.  Recruitment  modeling  follows 
the  practices  of  personnel  division,  although  only  a 
single  figure  for  years  of  service  on  appointment  is 
included,  whereas  a  range  of  values  is  actually  the  case. 
The  new  section  of  the  model,  costing,  is  largely  experi¬ 
mental.  The  timing  of  costs  is  discussed,  as  are  a 
number  of  errors  in  estimation  of  training  and  salary 
costs.  No  use  of  factors  to  allow  for  inflation  has.  been 
made,  as  the  use  of  "constant  dollars"  allows  the  cost  con 
sequences  of  policy  changes  to  be  directly  assessed. 

Chapter  7;  Verification,  Variability,  and  Valida¬ 
tion.  Validation  of  computer  simulation  models  is  often 
very  difficult,  as  the  very  con^lexity  that  led  to  the 


construction  of  the  model  often  defeats  attempts  to  c<»a- 
plete  validation.  The  focus  of  this  chapter  is  a  descrip¬ 
tion  of  methods  of  verification  and  validation,  rather  than 
the  completion  of  the  process.  The  reason  for  this 
approach  is  lack  of  access  to  the  necessary  data.  euid.  the 
time  lapse  needed  to  conduct  a  validation.  Verification, 
the  process  of  ensuring  the  model  is  processing  data  as 
intended,  is  attenpted.  Several  methods  of  verification 
are  suggested.  The  sinqplest  is  to  use  outputs  from  the 
model  to  establish  that  the  model  processes  officer  data 
as  intended.  More  complete  verification  involves  modifi¬ 
cation  to  the  model's  source  code.  Much  of  this  type  of 
work  was  conpleted  in  Australia,  and  the  verification  of 
this  type  was  mostly  confined  to  extensions  and  improve¬ 
ments  in  the  model.  Model  variability  is  the  tendency  for 
the  model  to  produce  somewhat  different  results  on  differ¬ 
ent  runs  (when  a  different  random  number  stream  is  used) , 
due  to  the  stochastic  nature  of  the  processes  in  the  model. 
The  suggestion  is  that  if  expected  values  are  to  be 
obtained,  then  the  model  should  be  run  at  least  five  times 
with  the  same  input  data,  and  the  results  averaged  to 
obtain  an  estimate  of  the  variable  of  interest.  Valida¬ 
tion  is  the  process  of  building  confidence  that  the  model 
will  produce  forecasts  of  sufficient  accuracy  to  be  of  use. 
Again,  several  methods  of  validation  are  suggested.  The 
slsqplest,  the  "Turing"  test,  was  conducted  by  the  author. 
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More  complex  and  analytical  methods  require  collecting 
data  from  the  "real  world”  and  comparing  the  predictions 
of  the  model  with  the  events  in  the  world.  This  process 
takes  at  least  one  step  of  the  model  (i.e.,  at  least  one 
year)  so  work  in  this  area  had  to  be  confined  to  a  descrip 
tion  of  this  validation  strategy. 


Chapter  8 ;  Examples  of  the  Use  of  the  RAAF  Officer 
Structure  Model.  This  "results"  chapter  shows  several 
uses  of  the  model.  Since  the  prime  purpose  of  the  model 
is  to  assist  with  strength  management,  most  of  the  chapter 
is  devoted  to  an  experiment  in  this  area.  A  scenario  is 
described  in  vAiich  strength,  establishment,  and  resource 
allocation  will  be  "forced"  to  converge  on  4000  by  the 
year  1990  is  used.  An  iterative  approach  to  the  problem 
is  taken,  and  at  the  end  of  each  run,  new  measures  are 
introduced  to  reach  the  objective.  After  six  runs,  the 
objective  is  achieved,  and  the  inputs  to  this  final  run 
are  used  to  define  an  Officer  Corps  management  policy  to 
achieve  the  objective.  The  next  experiment  is  an  examina¬ 
tion  of  the  effect  of  peaks  emd  valleys  in  the  number  of 
officers  in  each  year  of  service,  caused  by  high  recruit¬ 
ing  rates  during  (for  example)  the  Vietnam  conflict.  Such 
an  examination  can  explain  many  of  the  dynamic  processes 
in  the  Officer  Coirps  structure,  and  a  three-dimensional 
plot  of  number  per  year  of  service  versus  years  of  service 


versus  years  is  included  and  shows  very  clearly  the  peaks 
and  valleys  that  cam  lead  to  strength  management  problems. 
The  distribution  of  strength  versus  years  of  service  for 
the  Engineer  Branch  and  the  rest  of  the  Service  is  also 
plotted.  The  number  of  recruits  required  by  the  plan,  as 
developed  by  the  iterative  process,  is  included  to  demon¬ 
strate  the  use  of  the  reporting  functions  of  the  model  to 
service  other  organizations  (the  recruiting  organization 
in  this  case) .  Since  the  model  requires  data  from  many 
sources,  it  should  also  return  plauuiing  information  to 
those  Miho  supply  model  inputs.  Model  variability  is  esti¬ 
mated  by  printing  the  number  of  General  Duties  Branch  offi¬ 
cers  eligible  for  promotion  on  1  January  1983,  for  five 
runs  of  the  model.  The  conclusion  was  that  model  varia¬ 
bility  was  much  less  than  10  percent  between  mins,  ^diich 
is  a  very  useful  result.  Finally,  exan^les  of  the  new 
cost  module  are  given,  with  tedsles  of  salary,  training, 
and  total  costs  being  provided.  Some  explanation  for 
trends  in  this  data  is  given. 

Annex  A;  Implementation  and  Operation  of  the  RAAF 
Officer  Structure  Model.  This  annex  was  included  as 
technical  documentation  to  assist  the  introduction  of  the 
model  to  a  new  site.  In  the  two  chapters,  methods  of  load¬ 
ing  the  model  euid  a  set  of  demonstration  data  files,  and 
the  methods  of  updating  those  files  with  current  data 
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are  given.  Because  of  the  technical  nature  of  this  sec¬ 
tion,  a  further  description  of  Annex  A  will  not  be  given. 

Conclusions 

In  this  section  of  the  chapter,  conclusions  will 
be  drawn.  Essentially,  the  process  is  a  comparison  of  the 
thesis  task  with  the  outcome  of  the  thesis  work.  For  a 
complete  description  of  the  thesis  task,  as  described  in 
Chapter  4,  see  either  that  chapter  or  the  description 
reproduced  here.  The  task,  as  outlined  there,  was  to: 

1.  convert  the  present  ROS  code  to  ANSI  standard 
FORTRAN  77  to  enhance  its  port£d>ility  between 
computers ; 

2.  provide  a  capability  to  produce  tables  which 
detail  the  cost  of  salaries  and  training; 

3.  make  minor  chemges  to  the  code  to  enhance  the 
usefulness  of  the  model; 

4.  show  the  Internal  validation  of  the  model,  and 
suggest  methods  for  consisting  external  valida 
tion;  and 

5.  document  the  model,  including  an  operations 
manual  which  will  assist  the  treuisfer  of  the 
model  to  a  new  computer  and  the  subsequent 
maintenance  of  the  model  as  a  planning  tool. 

Code  Conversion.  No  detailed  description  of  the 
code  conversion  process  has  been  described  here,  as  the 


process  was  essentially  the  process  of  inpleinentxng  the 
model  on  the  Harris  mini-computer,  which  has  a  FORTRAN  77 
compiler.  During  the  process  of  conversion  (and  extension), 
both  the  Harris  mini-computer  and  a  Cyber  175  were  used. 

The  Harris  FORTRAN  77  compiler  was,  by  comparison  with  the 
Cyber,  more  "fussy"  ediout  exact  compliance  with  the  Ameri¬ 
can  National  Standards  Institute  (ANSI)  specifications. 

Thus,  the  use  of  the  Harris  compiler  explicitly  ensured 
compliance  with  the  ANSI  standard.  Considerable  work  was 
Involved  In  the  conversion  process,  although  little  has 
been  said  about  the  work  done,  as  It  was  primarily  (coiq>lex) 
editing. 


Costing  Capability.  The  costing  cap2d>lllty  was 
Introduced  Into  the  model,  and  the  results  of  this  work 
have  been  discussed  In  some  detail.  The  assumptions  made 
are  detailed  In  Chapter  6  and  the  verification  and  valida¬ 
tion  methods  In  Chapter  7.  Although  the  facility  met  the 
specifications  of  the  author,  the  cost  ted)les  have  yet  to 
be  put  to  a  "real  world"  use,  and  the  usefulness  of  this 
section  of  the  model  has  yet  to  be  demonstrated.  However, 
the  code  necessary  to  extract  the  data  from  the  Officer 
Corps  data  base,  during  the  minnlng  of  the  model.  Is  now 
In  place,  and  modification  to  meet  user's  requirements 
should  only  Involve  relatively  minor  changes  to  the  code. 


Enhancements .  Many  enhancements  were  made  to  the 
model,  to  make  the  model  easier  to  run,  and  allow  the 
operator  more  dynamic  control  over  the  progress  of  a  Simula 
tion.  Examples  are  the  introduction  of  a  wastage  factor 
for  each  year  of  the  simulation,  the  eUaility  to  "spool" 
model  output  to  a  high  speed  printer  (which  can  reduce 
the  time  taken  for  a  simulation  run  by  a  factor  of  5) ,  and 
the  use  of  a  separate  recruiting  limit  for  each  year  of 
the  simulation.  No  doubt  other  minor  modifications  will 
be  made  in  the  future  in  order  to  keep  the  model  processing 
methods  in  line  with  those  used  manually  in  the  Personnel 
Division;  however,  in  its  present  form,  the  model  is  very 
"useable . " 

Internal  and  External  Validation.  Internal  valida> 
tion  or  verification  has  been  completed  to  the  satisfac¬ 
tion  of  the  author,  and  the  method  used  is  described  in 
Chapter  7.  External  validation,  called  simply  "valida¬ 
tion”  in  Chapter  7,  could  not  be  achieved  for  the  reason 
given  above;  however,  detailed  comments  on  the  method  of 
validation  were  given,  which  was  the  thesis  task. 

Model  Documentation.  This  thesis  documentation 
provides  a  detailed  dociunentation  of  the  ROS  model. 

Additional  Work.  In  addition  to  the  work 
originally  called  for,  a  whole  chapter  of  the  thesis 


(Chapter  6) ,  was  devoted  to  the  siibject  of  assumptxons 
and  approximations  used  by  the  model.  This  area  of  docu¬ 
mentation  is  valuable  in  providing  the  means  for  potential 
users  to  understand  the  limitations  of  the  model.  In  addi¬ 
tion,  Annex  A  was  completed  to  provide  a  description  of  the 
way  the  model  can  be  implemented  and  operated  on  another 
computer . 

In  sxunmary,  the  %fork  originally  contracted  for  at 
the  start  of  work  on  the  thesis  was  completed,  with  some 
extension  beyond  the  original  tasks.  The  process  of  con¬ 
version  and  verification  suggests  that  the  model  is  now 
ready  for  implementation  in  the  RAAF  Personnel  Division. 
Accordingly,  the  most  general  conclusion  is  that  the  RAAF 
Officer  Structure  Model  is  now  ready  for  operational  use, 
subject  to  validation. 


Recommendations 

The  primary  recommendation  is  that  the  model  be 
implemented  on  the  new  RAAF  Personnel  Division  mini¬ 
computer,  and  that  at  the  saxoe  time,  the  validation  process 
detailed  in  Chapter  7  of  this  report  be  started.  Assximing 
validity  is  demonstrated,  the  model  should  then  be  used  to 
develop  long-range  plans  for  the  strength  management  of  the 
RAAF  Officer  Corps. 

Secondary  recommendations  concern  development  of 


the  model.  Before  making  changes  to  the  model,  the 


analyst  should  ensure  that  the  changes  will  have  a  benefit 
of  improved  predictive  accuracy  greater  than  the  cost  of 
development.  A  number  of  areas  of  the  model  could  be 
developed;  only  the  main  areas  will  be  identified.  In 
general,  comment  will  be  made  on  those  changes  that  will 
require  reprogrcunming  sections  of  the  model.  Many  areas 
of  the  model  could  be  improved  through  manipulation  of  the 
input  data,  and  this  work  should  be  part  of  the  implementa¬ 
tion/validation  work. 

Wastage  Representation.  Loss  of  officers  from  the 
Officer  Corps  is  (generally)  the  most  significant  variable 
in  defining  the  structure  of  the  Corps.  At  present, 
wastage  representation  is  done  by  Branch  and  years  of 
service.  This  may  not  be  the  most  accurate  method. 

Improved  wastage  representation  should  be  investigated, 
as  described  in  Chapter  6. 

Promotion .  The  representation  of  promotion  is 
largely  based  on  empirical  observation,  and  the  probability 
of  promotion  for  the  ranks  of  Flight  Lieutenant,  Squadron 
Leader,  and  Wing  Commander  should  be  improved  through 
analytical  examination  of  promotion  results.  The  promo¬ 
tion  algorithm  itself  should  also  be  critically  examined. 

Years  of  Service  on  Recruitment.  If  the  model  is 


to  be  used  for  projections  beyond  about  5  years,  the  present 


method  of  providing  a  mean  number  of  years  of  service  to 
each  recruit  may  not  be  sufficiently  accurate.  An  alterna¬ 
tive  method  would  be  to  determine  the  distribution  of 
years  of  service  for  each  Branch  or  Category  and  select 
the  years  of  service  from  this  distribution.  The  price 
that  must  be  paid  here  is  greater  variability  in  the 
results  from  the  model,  which  could,  in  some  cases,  require 
additional  runs  to  estimate  variables  with  sufficient 
accuracy . 

Costing.  The  costing  module  should  be  subject  to 
some  practical  use.  If  “budgeting"  level  accuracy  is 
required,  some  changes  will  prob2d}ly  be  required.  However, 
if  the  relative  cost  of  changes  of  policy  is  all  that  is 
required,  the  present  program  will  probably  suffice. 

Resource  Allocation.  The  present  method  of  allo¬ 
cating  the  Authorized  Terminal  Strength  to  the  Establishment 
depends  on  a  reasonable  fixed  percentage  shortfall  between 
the  two  figures.  If,  after  several  years  of  use,  the 
present  percentage  changes,  the  allocation  algorithm  should 
be  amended.  The  parameters  for  the  allocation  are  "hard 
wired"  into  the  code  €uid  are  relatively  easy  to  change, 
so  such  changes  could  come  under  the  heading  of  "model 
maintenance . " 

In  conclusion,  the  RAAF  Officer  Structure  Model 
has  been  developed  over  several  years,  and  the  users  have 
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worked  closely  with  the  progreuniners,  so  many  of  the  devel¬ 
opment  iterations  have  already  tcdcen  place.  The  suggest- 
tions  made  above  are  essentially  "fine  tuning"  a  decision 
support  tool  now  ready  for  full  operational  use. 


Annex  A 


IMPLEMENTATION  AND  OPERATION  OF  THE 
RAAF  OFFICER  STRUCTURE  MODEL 


Introduction 

This  annex  discusses  the  implementation  and  opera¬ 
tion  of  the  Royal  Australian  Air  Force  (RAAF)  Officer  Struc' 
ture  (ROS)  Model.  The  discussion  in  this  annex  is  sup¬ 
ported  by  a  number  of  documents  included  as  appendices  at 
the  end  of  this  annex;  these  appendices  include  listings 
of  the  ROS  program,  data  files,  and  job  streams.  The 
examples  of  implementation  will  be  from  a  Harris  mini¬ 
computer  system,  as  this  was  the  machine  used  for  this 
thesis.  However,  the  experience  of  the  author  in  using  a 
number  of  mini-computers  is  that  the  methods  of  operation 
are  quite  similar;  thus,  examples  given  for  the  Harris 
computer  are  likely  to  be  readily  adapted  to  other  mini¬ 
computer  systems,  provided  the  necessary  syntax  changes  are 
made.  An  assumption  made  here  is  that  the  personnel 
responsible  for  installing  the  model  will  be  reasonably 
feuniliar  with  their  own  computer  and  have  a  general  under¬ 
standing  of  the  "normal"  methods  used  in  the  computer 
industry  to  achieve  the  desired  objective,  e.g.,  creating, 
loading,  and  compiling  a  file.  Thus,  the  objective  of  this 
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Annex  A — Chapter  1 


IMPLEMENTATION 


Transfer  Media 

The  Royal  Australian  Air  Force  (RAAF)  Officer 
Structure  (ROS)  Model  consists  of  a  program  file  and  four 
data  files:  systems,  establishment,  manpower,  euid  costs. 
Using  progrcun  DUMP  and  the  job  stream/macro  DUMPRUN, 
listed  at  Appendices  A  and  B  respectively,  these  files 
were  transferred  to  magnetic  tape  from  the  Harris  computer. 
Note  that  the  tape  contains  three  copies  of  each  file  (in 
case  one  or  more  becomes  corrupted)  and  that  the  files 
have  been  read  line  by  line  into  a  135-character  buffer 
from  the  Harris  disk,  then  written  to  the  tape.  Thus,  each 
file  consists  of  a  series  of  135  character  lines.  Between 
each  file,  "*EOR"  (for  "end  of  record")  has  been  written 
onto  the  tape  to  allow  the  files  to  be  separated.  The 
ASCII  (American  Standard  Code  for  Information  Interchange) 
code  has  been  (implicitly)  used  in  the  transfer  from  disk 
to  tape.  Finally,  the  data  has  been  written  onto  the  tape 
in  a  nine-track,  800  bits  per  inch  format.  These  standards 
are  the  ones  most  commonly  used  in  the  computer  industry; 
thus,  obtaining  access  to  the  data  on  the  tape  should  in 
most  cases  present  no  problems. 


At  Appendix  C,  a  copy  of  the  LOAD  program  is 
included.  This  program  is  the  "sister"  of  the  dun^  progreun 
included  at  Appendix  A.  The  first  step  is  to  type  this 
program  into  the  host  computer  and  compile  the  progrcuo. 

The  ROS  and  LOAD  progreuos  are  written  in  standard  ANSI 
(American  National  Standards  Institute)  FORTRAN  11,  so 
this  compiler  will,  of  course,  have  to  be  used  if  addi¬ 
tional  translation  work  is  to  be  avoided.  When  the  com¬ 
pilation  is  successful  and  object  code  has  been  produced 
from  the  LOAD  source  code,  it  should  be  saved  as  a  file. 

In  the  testing  of  the  program,  the  author  called  it 
"LOADOBJ."  For  exas^le,  using  the  "GE"  (equals  "generate" 
command)  and  a  job  stream  command  to  con^ile  the  program, 
the  sequence  is: 

Command:  Effect: 

GE,LOADSRC  Create  a  file  for  the  LOAD  progreun 

GE, LOADOBJ  Reserve  a  file  for  the  LOAD 
objective  code 

GE,LOADRUN  Reserve  a  file  for  the  LOAD  job 

stream.  Type  in  the  LOAD  progreun 
using  the  computer's  editor  and  save 
the  text  on  the  file  "LOADSRC." 


FTN77,LOADSRC  Compile  the  LOAD  program — an  object 
file  called  "XE"  is  created  by  the 
Harris  computer  on  successful  com¬ 
pilation  . 

CO,XE,LOADOBJ  Copy  the  object  code  to  the  LOADOBJ 
file. 

The  next  step  is  to  generate  the  new  disk  files 
which  will  accept  the  data  from  the  tape.  A  suggestion 
is  to  call  them  by  the  same  names  as  in  the  Harris  version 
of  the  model/  as  then  the  thesis  documentation  will  comply 
with  the  physical  computer  model.  The  files  should  be 
created  in  the  order  given  below,  as  this  will  ensure  that 
each  file  contains  the  correct  data  set.  Creating  files 
on  the  Harris  computer  is  very  simple:  the  "GE"  command 
is  used  thus: 

Command:  File  Generated: 

GE/ROSSRC  ROS  Model  Source  Code 

GE/SYSDATA  Systems  Data 

GE/ESTABDAT  Estcdslishment  Data 

GE,RAAFMEN  Manpower  Data 

GE,COSTDATA  Cost  Data 

GE/ROSOBJ  Space  for  the  conpiled  progreun 

GE/RUNROS  Space  for  the  ROS  model  job  stream 

When  the  load  program  is  or  has  been  compiled  and  saved 
and  all  the  necessary  files  created,  the  next  task  is  to 
create  a  "macro"  or  "job  streeua"  to  run  the  LOADOBJ  progr^un. 


A  word  of  explanation  is  in  order  here.  FORTRAN  uses 
numerical  logical  file  numbers  in  the  program,  and  before 
running  a  FORTRAN  program,  it  is  necessary  to  "tell"  the 
computer  the  neunes  of  the  files  on  the  disk  that  comply 
with  the  logical  file  numbers  in  the  progreun.  This  may  be 
done  interactively  (i.e.,  via  a  terminal)  in  most  cases; 
however,  the  process  is  tedious,  especially  if  repeated, 
and  the  creation  of  a  "job  stream"  (sometimes  called  a  "job 
control  language" (JCL) )  file  is  recommended,  as  fewer 
errors,  and  greater  convenience  result.  In  addition  to 
connecting  files  to  the  program,  the  job  stream  also  con¬ 
nects  physical  devices  such  as  printers,  terminals,  and 
tape  drives  to  the  program.  An  exeur^le  job  stream  (called 
a  "macro"  on  the  Harris  computer) ,  included  at  Appendix  D, 
is  also  listed  below.  The  term  "AS"  means  "assign." 

Line :  Purpose : 

MS  The  macro  starts 

AS  6  »  *  Connect  the  printed  output  from 

the  program  to  the  terminal 
AS  30  s  ROSSRC  Assign  FORTRAN  logical  file  30 

to  the  disk  file  ROS  Source 
AS  40  »  SYSDATA  Assign  FORTRAN  logical  file  40 

to  the  file  Systems  Data 
AS  50  »  ESTABDAT  Assign  FORTRAN  logical  file  50 

to  the  disk  file  Establishment 
'  Data 
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AS  60  s  RAAFMEN  Assign  FORTRAN  logical  file  60 

to  the  disk  file  RAAF  Manpower 
AS  70  s  COSTDATA  Assign  FORTRAN  logical  file  70 


to  the  disk  file  Cost  Data 
AS  80  =  :10  Assign  FORTRAN  logical  file  80 

to  the  physical  device  10  which 
on  Harris  computer  is  the  tape 
drive 

LOAOOBJ  Execute  the  program  LOAOOBJ 

ME  The  macro  ends 

When  the  job  stre£ua  macro  "LOAORUN"  has  been 
created  and  saved,  the  tape  can  be  mounted  and  the  con¬ 
tents  read  into  disk  files.  On  the  Harris  computer,  the 
command : 

"REQ, Logical  file  number  for  the  drive, Tape 
number, File  Number" 

is  used  to  request  a  tape,  as  the  computer  will  not  accept 
tapes  that  are  not  in  its  library.  Note  that  the  job 
stream  explicitly  connects  the  physical  device  number  to 
the  program  logical  file  number  80;  this  is  not  absolutely 
necessary  as  the  "REQ"  (equals  "Request”)  command  also 
connects  the  tape  to  the  logical  file  80.  However,  the 
line  was  included  in  the  macro  for  the  sake  of  complete¬ 
ness.  After  the  tape  has  been  mounted,  the  read  process 
is  initiated  on  the  Harris  con^uter  by  simply  typing 
"LOAORUN."  This  command  executes  the  LOAORUN  job  stream/ 


r 


r 


r 


I 


9 


22 


macro  which,  in  turn,  makes  all  the  necessary  assignment 


connections,  then  invokes  the  FORTRAN  object  code 
"LOADOBJ."  This  program  now  takes  control.  It  rewinds 
the  tape  and  all  the  files,  reads  135  characters  from  the 
tape,  and  writes  it  to  the  disk  file.  When  the  charac¬ 
ter  set  "*EOR"  is  encountered,  the  program  changes  files, 
thus  writing  the  data  from  the  tape  into  the  correct  disk 
file.  The  program  also  advises  the  operator  when  reading 
into  a  file  starts.  If  all  goes  well,  at  the  end  of  the 
program,  the  ROS  source  text  and  its  four  data  files  will 
be  on  the  disk  files  named  above.  The  presence  of  the 
correct  data  can  be  confirmed  by  cataloging  the  files, 
examining  the  files  with  the  editor,  or  dumping  the  files 
to  a  printer. 


Compilation  of  the  ROS  Source  Code 


An  object  program  must  be  made  of  the  ROS  model 
source  code.  There  may  be  some  changes  to  the  source  code 
required  at  this  stage,  as  the  progreun  uses  calls  a 
random  number  generator,  and  this  is  usually  machine  depen 
dent.  In  addition,  there  are  a  number  of  (non-fatal) 
"deliberate"  errors  in  the  program.  A  redundant  equiva¬ 
lence  statement  was  used  in  the  subroutine  "TABLAT"  to 
make  the  code  easier  to  write;  these  errors  may  be  ignored 
if  the  computer  will  accept  the  code  with  non-fatal 
errors.  Compile  the  ROSSRC  file  in  the  same  way  as  for 
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the  con^ilation  of  the  LOADSRC  program  described  above. 

The  output  from  the  compiler  will  point  to  the  errors 
caused  by  the  calls  to  the  random  number  generator.  Amend 
the  ROSSRC  code  to  the  correct  code  for  the  new  computer, 
noting  that  the  random  number  generator  code  is  designed 
to  produce  a  real  number  in  the  range  from  zero  to  one, 
which  is  the  normal  output  from  a  random  number  generator. 
At  this  stage,  it  may  be  wise  to  create  a  backup  copy  of 
the  ROSSRC  code  on  a  different  file  to  allow  recovery  if 
an  error  is  made  during  file  editing.  The  commands  on  the 
Harris  computer  are: 

Command:  Effect: 

G£, BACKUP  Generate  a  file  called  BACKUP 

CO, ROSSRC, BACKUP  Copy  the  file  ROSSRC  to  the  new 

files  called  BACKUP 

When  these  code  changes  have  been  made  and  an  object  pro¬ 
gram  obtained,  copy  this  object  program  onto  the  file 
ROSOBJ,  which  has  been  previously  generated  (see  above) . 

Creating  a  ROS  Model  Job 
Streaun  File 

Appendix  E  contains  a  listing  of  a  job  stre2un  to 
run  the  ROS  model.  This  job  streeun  is  similar  to  the  one 
used  to  run  the  load  program.  In  this  instance,  addi¬ 
tional  files  are  connected.  ROS  needs  three  temporary 
files  with  which  to  work,  plus  a  file  to  place  the 
printed  output  from  the  irbdel.  The  user  has  an  option 


here;  in  this  example,  the  output  is  sent  directly  to  a 
physical  device  number  6,  which  for  the  Harris  computer  is 
the  line  printer;  in  this  instance  the  printout  is  held  on 
a  temporary  "SPOOL"  file  created  by  the  operating  system. 
Alternatively,  the  user  may  nominate  a  disk  file,  euid 
mAibu  the  model  is  run,  the  output  will  be  stored  there  for 
later  excutiination .  Similarly,  the  work  files  can  be  disk 
files  or  temporary  files;  in  the  Harris  operating  system, 
these  files  are  available  during  the  ninning  of  the  program 
cUid  are  released  when  the  program  ends.  In  some  instances, 
the  user  may  wish  to  retain  the  files  for  later  exeunina> 
tion.  In  Chapter  7  of  the  thesis,  the  verification  pro¬ 
cess  was  described,  and  a  suggestion  made  to  use  such 
files.  Furthermore,  the  file  attached  to  logical  file  21 
is  the  destination  for  the  ROS  option  "unload";  vdien  this 
option  is  invoked,  either  by  the  user  or  as  a  result  of 
a  data  error,  this  file  will  usually  need  to  be  exeunined. 
The  way  to  accomplish  the  retention  of  these  files  is  to 
generate  a  file,  then  connect  the  logical  file  with  the 
permanent  disk  files.  A  final  point  on  the  working  -files 
is  important;  the  file  attached  to  logical  file  21  must  be 
opened  as  a  random  access  file.  After  the  job  strecun  is 
created,  it  can  be  saved  on  the  file  RUNROS,  generated 
earlier. 
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A  description  of 
Line: 

MS 

AS  6  =  * 

AS  21  -  W2 

AS  23  =  U3 

AS  11  »  ESTABDAT 

AS  12  =  RAAFMEN 

AS  13  =  SYSDATA 

AS  14  »  COSTDATA 

AS  60  =  * 

AS  61  =  * 


Appendix  E  follows: 

Purpose: 

The  macro  starts 
Connect  diagnostic  output  from 
the  model  to  the  terminal 
Assign  FORTRAN  logical  file  21 
to  a  serial  access  work  file 
Assign  FORTRAN  logical  file  23 
to  a  random  access  work  file 
Assign  FORTRAN  logical  file  11 
to  the  disk  file  Establishment 
Data 

Assign  FORTRAN  logical  file  12 
to  the  disk  file  RAAF  Mampower 
Assign  FORTRAN  logical  file  13 
to  the  disk  file  Systems  data 
Assign  FORTRAN  logical  file  14 
CO  the  disk  file  Cost  data 
Assign  FORTRAN  logical  file  60 
to  the  user's  terminal  response 
to  the  model 

Assign  FORTRAN  logical  file  61 
to  program's  response  to  the 
user  at  the  terminal 
Assign  FORTRAN  logical  file  66 
'  to  a  serial  work  file 


AS  66  s  W3 


AS  77  »  :6 


Assign  FORTRAN  logical  file  77 
to  the  physical  device  6  which 
on  the  Harris  computer  is  the 
line  printer 
ROSOBJ  Execute  the  progreun  ROSOBJ 

FR,ALL  Free  all  the  assignments 

ME  The  macro  ends 

Again,  note  that  these  assignments  are  for  the  Harris 
computer  operating  system.  The  user  must  find  the 
equivalent  statements  for  the  computer  being  used. 

Running  the  ROS  Model 

Now  comes  the  big  moment!  The  load  progreun  has 
been  written  and  compiled,  its  job  streaun  created,  the 
necessary  destination  data  files  opened,  the  job  stream 
run  to  read  the  source  tape,  the  ROS  source  progreun 
amended  and  compiled,  and  its  job  stream  created.  The 
user  should  ensure  that  the  terminal  "CAPS  LOCK”  is  set, 
as  the  model  expects  all  upper  case  responses.  All  that 
remains  is  to  type  "RUNROS"  to  invoke  the  model  control 
job  stream  (for  the  Harris  computer) .  If  all  has  been 
done  correctly,  the  user  will  be  rewarded  with  the 
terminal  printout: 

"RAAF  OFFICER  STRUCTURE  MODEL" 

The  ROS  progreun  next  asks  whether  the  model  output  is  to 
be  stored  for  later  printing  by  asking: 


"FILE  TABLES  FOR  LATER  PRINTOUT  (Y/N)?" 

At  this  stage,  reply  "N"  to  have  the  tables  printed  at  the 
terminal.  The  progreun  then  reads  all  the  model  data  from 
the  attached  data  files.  This  process  takes  some  time 
(about  thirty  seconds  or  so  for  the  Harris  computer) ,  so 
be  patient.  This  data  reading  process  is  a  moment  of 
truth,  as  the  model  will  only  proceed  from  here  if  all  the 
files  have  been  recovered  from  the  tape  without  corrup¬ 
tion.  When  (and  if)  the  data  is  read  in  from  the  disk, 
the  model  will  ask: 

"WHAT  IS  THE  ATS  FOR  1981  ?" 

The  reply  should  be  roughly  equal  to  the  Authorized 
Terminal  Strength,  3650  is  suggested.  The  model  will  then 
print  a  summary  report  of  the  Royal  Australian  Air  Force 
Officer  Corps,  then  request  your  option  with  the  query: 

"OPTIONS  ARE:  "G" , "H=HELP" , "Q" , "U" , "T" , "E" , 

Press  "H"  and  return  for  an  explanation  of  the  options. 

The  user  may  now  branch  to  these  options  for  a  full  excunin- 
ation  of  the  model,  using  this  trial  data.  Appendix  F 
contains  an  example  of  this  dialogue. 

Copies  of  the  Source  Files.  To  assist  any 
"debugging"  that  may  be  necessary,  a  complete  listing  of 
the  source  files  is  included  in  the  appendices.  An  excep¬ 
tion  is  the  manpower  file.  Only  the  first  few  pages  have 


been  included,  as  the  full  file,  as  listed,  is  73  pages 


long.  The  files  are: 
Appendix : 

G 

H 

I 

J 

K 


File: 

RAAF  Officer  Structure  model 

source  code 

Cost  data  file 

Establishment  data  file 

Systems  data  file 

RAAF  officer  data  (partial  file) 


Data  Input.  A  final  word  of  caution  on  data 
entry  is  necessary.  The  ROS  model  expects  data  input 
to  be  made  all  in  upper  case,  so  use  the  terminal  "CAPS 
LOCK"  function.  In  addition,  the  model  does  not  have  a 
routine  to  check  for  "illegal”  inputs  such  as  numeric 
data  when  alpha-numeric  is  called  for,  and  vice  versa, 
so  the  user  must  be  careful  to  enter  a  nxunber,  when  one 
is  requested  and  so  forth.  In  some  places,  incorrect  data 
entry  will  cause  the  model  to  stop  rvmning.  MeUcing  the 
model  "cretin  proof"  is  fairly  difficult  in  FORTRAN,  as 
opposed  to  (say)  BASIC,  ^ere  there  are  functions  vdiich 
allow  the  necessary  checks  to  be  made.  The  problem  is 
not  great  if  some  care  is  teUcen.  The  author  has  only  made 
this  mistcUce  once  in  hundreds  of  runs;  thus,  after  the 
user  becomes  familiar,  there  is  little  probability  of  an 
aborted  run  from  this  cause. 
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Problems 


No  detailed  guidance  will  be  given  here  on  the 
solution  to  problems  o£  installation.  The  programs  "DUMP" 
and  "LOAD"  were  tested  on  the  Harris  computer  system  and 
worked  as  described  above.  With  the  exception  of  the 
requirement  to  recode  the  random  number  calls,  no  changes 
to  the  model  are  envisaged  as  being  necessary,  provided 
the  computer  being  used  has  a  standard  FORTRAN  77  compiler. 
Many  new  sections  of  the  model  were  initially  created  on  a 
Control  Data  CYBER  175  computer,  test  compiled  on  that 
machine  using  a  FORTRAN  77  compiler,  then  the  source  code 
was  dumped  onto  cards,  re-entered  into  the  Harris  computer, 
and  recompiled.  (This  was  done  because  the  author  could 
create  the  necessary  code  on  an  "intelligent  terminal" 
from  home,  and  the  Harris  could  not  be  used  via  a  telephone 
vdiile  the  CYBER  could.)  In  no  case  was  a  problem  encoun¬ 
tered,  leading  to  some  confidence  in  the  ”port£d>ility"  of 
the  code. 

If  problems  are  encountered,  the  data  files 
obtained  from  the  tape  should  be  checked  against  those 
contained  here,  as  this  could  point  to  the  problem. 
Thereafter,  standard  logical  "debugging"  techniques  should 
be  used  to  eliminate  problems  until  the  model  is  running. 
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Annex  A — Chapter  2 


OPERATIONAL  USE  OF  THE  RAAF 
OFFICER  STRUCTURE  MODEL 


Introduction 

The  subject  of  this  chapter  is  the  operational 
use  of  the  Royal  Australian  Air  Force  (RAAF)  Officer  Struc¬ 
ture  (ROS)  model.  The  sources  of  data  needed  to  run  the 
model  will  be  identified/  and  the  methods  of  changing  the 
data  files  to  meet  specific  research  requirements  will  be 
described. 

Preparing  the  Model  for 
Operational  Use 

In  Chapter  4/  the  structure  and  function  of  the 
data  files  for  the  ROS  model  were  discussed/  with 
Figure  4.2  showing  the  interaction  of  the  files  and  the 
model.  The  first  step  in  using  the  model  is  to  ensure 
that  these  files  contain  the  best  estimates  of  future 
events  or  constraints  that  are  likely  to  effect  the  Officer 
Corps.  One  problem  with  strength  management  is  that  advice 
from  many  sources  both  within  and  outside  the  Royal 
Australian  Air  Force  (RAAF)  must  be  coalesced  if  accurate 
forecasts  are  to  be  produced.  The  provision  of  all  the 
necessary  advice  from  a  single  source  is  unlikely  to  be 
effective/  as  no  single  source  is  likely  to  have  the 
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breadth  and  depth  of  knowledge  that  a  combination  of  a 
variety  of  sources  has.  When  producing  manual  estimates, 
combining  this  distributed  wisdom  is  a  difficult  and  time- 
consximing  task.  The  great  strength  and  power  of  the  ROS 
model  is  its  edsility  to  merge  this  expert  advice  both 
quickly  and  accurately.  In  a  simulation  model  of  this 
type,  once  the  effort  has  been  expended  to  code  all  the 
necessary  decision  rules  into  the  processing  algorithm, 
providing  new  estimates  is  simply  a  matter  of  providing 
the  model  with  new  data  and  re-rvinning  the  simulation. 
Thus,  the  first  step  is  to  describe  the  updating  of  this 
data  base. 

Establishment  Data.  (Appendix  I  contains  an 
exan^le  of  the  Establishment  data.)  The  primary  deter- 
minant  of  the  structure  of  the  RAAF  Officer  Corps  is  the 
Establishment  which  reflects  the  number  of  officers,  by 
Category  auid  by  rank,  needed  to  conqplete  all  the  tasks 
assigned  to  the  RAAF.  The  Director  of  Organization  and 
Establishment-Air  Force  is  responsible  for  providing  this 
data.  Two  forms  of  data  are  required:  the  present  Estab¬ 
lishment  and  the  variations  to  the  Establishment  for  each 
year  the  model  will  be  run.  This  latter  data  is  often 
difficult  to  generate,  as  it  reflects  the  dymamic  nature 
of  the  Service  during  the  future,  which  depends  on  a 
causal  chain  starting  with  the  strategic  assessment. 
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Inevitably,  a  "best  estimate"  approach  will  be  required. 
Another  model,  Force  Variation  Model  (FORVAR) ,  can  auto¬ 
mate  the  process  of  estimating  the  Establishment  Changes. 
However,  FORVAR  does  not  provide  establishment  variations 
by  rank  within  a  Category;  this  needs  to  be  done  by  the 
Directorate  of  Organization  and  Establishment  staff.  When 
the  changes  have  been  determined,  they  are  applied  to  the 
Establishment  file. 

Manpower.  (Appendix  K  contains  a  partial  listing 
of  the  manpower  file.)  The  data  for  the  manpower  file  is 
obtained  from  the  Officer  Personnel  data  base.  If  the  model 
is  to  be  run  from  1  January  each  year,  then  the  data  should 
be  captured  as  early  as  possible  in  the  calendar  year, 
after  the  officer  promotions  take  effect  and  before  other 
changes  such  as  wastage  deplete  the  strength.  (In  the  RAAF, 
the  bulk  of  officer  promotions  take  effect  on  1  January.) 

The  procedure  is  to  have  the  data  source  computer  create  a 
magnetic  tape  with  data  on  each  officer  serving  on  1  January 
of  the  starting  year.  The  variables  time  in  rank,  years  of 
service,  rank.  Category,  Branch,  and  significant  change 
are  written  onto  a  magnetic  tape  (using  a  fixed  format  of 
six  integers,  each  of  three  characters)  that  is  compatible 
with  the  computer  being  used  (e.g. ,  9  track,  800  bits  per 
inch  is  one  standard) .  This  manpower  data  base  MUST  be 
sorted  such  that  the  primary  key,  rank,  is  decreasing,  the 
secondary  key.  Category,  is  increasing,  and  time  in  rank. 
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the  tertiary  key,  is  decreasing.  The  ROS  model  processes 
each  officer  serially,  meJcing  the  necessary  changes,  and 
if  the  data  base  is  out  of  order,  then  the  model  will 
malfunction.  When  the  model  starts,  the  order  is  checked; 
thereafter,  the  model  maintains  the  correct  order.  When 
the  data  base  is  conpleted,  it  is  read  onto  a  disk  file  for 
use  by  the  ROS  model.  Past  experience  by  the  author  has 
shown  that  some  editing  is  required.  A  few  officers, 
usually  15  to  20,  can  be  part  of  a  Branch  but  not  have  a 
Category.  An  exan^le  is  an  officer  on  a  pilot's  course. 

The  practice  in  this  instance  is  to  edit  the  officer's 
record  to  show  the  Category  the  officer  will  enter  after 
completing  training.  Using  the  computer's  text  editor, 
the  process  only  takes  a  few  minutes.  An  alternative  that 
has  been  used  is  to  have  a  short  prograun  cross-check  Branch 
and  Category  and  prompt  the  operator  to  make  the  necessary 
amendments.  Generating  the  data  base  in  this  manner  saves 
a  considercdjle  amount  of  time  in  con^rison  to  entering  the 
data  manually  or,  alternatively,  manually  updating  the  pre¬ 
vious  manpower  data.  Creating  the  manpower  data  base  may 
be  even  easier  in  the  future,  as  the  Directorate  of  Per¬ 
sonnel  Officers-Air  Force  is  (at  the  time  of  writing) 
installing  a  mini-computer  with  the  necessary  data  on-line; 
when  this  data  base  is  available ,  a  program  can  be  used  to 
extract  the  manpower  data,  and  create  the  file  for  use  by 
the  ROS  model. 
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System  Data.  (Appendix  J  contains  a  listing  of  the 
system  data  file.)  The  system  data  file  contains  a  number 
of  different  parameters  for  the  model.  Obtaining  this 
data  will  be  described  in  the  order  that  the  data  appears 
in  the  file.  Note  that  some  of  the  data  will  not  need  to 
be  changed  unless  major  structural  changes  are  made  to  the 
Officer  Corp.  The  base  year  should  coincide  with  the 
date  of  the  manpower  data  base  creation.  Years  of  service 
on  recruitment  should  be  examined  to  determine  whether 
the  numbers  still  represent  the  mean  years  of  service  that 
officers  of  each  Category  enter  the  RAAF  with.  This  data 
can  be  obtained  from  analysis  of  officer  recruitment  data 
from  one  or  more  years  prior  to  the  creation  of  the  man¬ 
power  data  base.  Minimum  time  in  rank  for  promotion  is  a 
policy  matter  and  is  usually  directly  available  from  the 
Directorate  of  Personnel  Officers-Air  Force  personnel.  An 
alternative  source  of  data  is  an  analysis  of  previous  pro¬ 
motion  results;  the  minimum  time  in  rank  can  be  set  at  the 
lowest  actually  experienced  for  the  immediate  prior 
promotions.  Probability  of  promotion  is  probably  best 
determined  in  this  analytical  manner.  For  each  Category  and 
for  the  ranks  of  Flight  Lieutenant,  Squadron  Leader,  and 
Wing  Commander,  the  number  promoted  in  a  rank  should  be 
divided  by  those  eligible  for  promotion  (i.e.,  with  a  time 
in  rank  above  the  minimum  time  in  rank  for  promotion  and 
less  than  five  years  of  time  in  rank  above  that  time  in 


rank)  to  determine  the  prob^d^ility  of  promotion.  The 
probability  of  wastage  is  determined  in  a  similar  manner. 

The  officers  of  the  Service  are  divided  into  Branches,  and 
within  each  Branch,  into  "bins"  of  years  of  service.  The 
wastage  data  held  by  the  Directorate  of  Personnel  Officers- 
Air  Force,  the  division  of  the  wastage  by  the  strength, 
will  yield  an  estimate  of  the  probeUsility  of  wastage  from 
that  bin.  The  current  practice  is  to  use  two  years  of 
data  to  provide  a  larger  data  source,  and  hence  in^rovement 
of  the  accuracy  of  the  estimation.  Finally,  the  maximum 
number  of  recruits  for  each  Category  for  each  year  the 
simulation  will  be  run  must  be  determined.  This  constraint 
for  each  Category  will  depend  on  several  factors,  e.g.,  the 
nxunber  of  officer  cadets  presently  in  the  training  system, 
the  amount  of  accommodation  (for  trainees)  at  present  and 
in  the  future  (e.g.,  new  training  facilities  can  allow  more 
officer  cadets  to  enter  the  Service,  eventually  yielding 
more  officer  recruits)  and,  finally,  the  number  of  civilians 
who  will  volunteer  can  also  be  a  limiting  factor.  When 
these  data  are  assembled,  the  system  data  file  should  be 
updated  to  reflect  the  change.  This  file  is  an  example  of 
the  case  where  data  from  many  sources  is  assembled  for  use 
by  the  model. 

Cost  Data.  (Appendix  H  contains  a  listing  of  the 


cost  data  file.)  The  cost  data  file  has  two  data  sets: 


the  cost  of  "acquiring"  eui  officer  and  the  cost  of  each 
officer's  salary.  Acquisition  costs  include  the  cost  of 
recruiting,  plus  the  cost  of  training.  Determining  these 
costs  can  be  very  difficult,  as  the  final  costs  depend  on 
where  one  draws  the  boundary.  For  example,  should  pilot 
training  costs  include  the  cost  of  depreciation  on  the 
training  aircraft,  the  cost  of  running  the  training  base, 
the  cost  of  supporting  that  base,  etc?  Clearly,  these 
costs  need  to  be  subject  to  a  policy  decision,  which,  as 
yet,  has  not  been  made.  (Remember  that  the  purpose  of  this 
thesis  is  to  provide  a  management  tool,  not  ultimate  deci¬ 
sions.)  Salary  costs  include  all  allowances.  For  the  rank 
of  Flight  Lieutenant,  there  are  six  pay  levels  that  depend 
on  time  in  rank.  To  ease  the  programming  problem  and 
allow  for  future  pay  structures,  six  pay  levels  have  been 
Included  for  all  ranks.  Thus,  when  less  salary  steps  are 
present,  the  top  figure  is  repeated  until  all  six  levels 
have  been  filled.  In  addition  to  these  divisions,  three 
tables,  one  for  the  General  Duties  Branch,  one  for  Doctors 
and  Dentists,  and  one  for  the  rest  of  the  officers,  are 
included,  to  capture  the  different  allowance  structures. 
When  entering  salary  data,  the  euoounts  for  the  ranks  of 
Flying  Officer  to  Air  Vice  Marshal  are  used,  as  well  as 
the  tables  for  direct  entry  officers.  (Officers  promoted 
from  the  ranks  have  a  different  salary  scale  while  in  the 
junior  ranks.)  These  salary  scales  provide  the  best 


estimate  of  costs  as  described  in  Chapter  6.  Note  that  the 
data  are  entered  in  free  format  for  this  data  file.  The 
reason  for  this  is  to  meUce  the  data  entry  relatively  easy, 
as  the  salaries  can  change  twice  or  more  per  year.  Again, 
the  computer  text  processor  can  be  used  to  edit  the  data; 
alternatively,  since  the  data  is  in  free  format  and  all  the 
data  is  likely  to  change  on  an  update,  a  new  file  can  be 
built  in  the  same  format  as  the  old. 

Creating  New  Data  Files 

In  the  foregoing  section  of  this  chapter,  editing 
the  data  files  has  been  mentioned  several  times.  This 
final  section  of  the  operations  manual  will  suggest  a 
method  of  completing  this  function.  The  sources  of  data 
have  been  identified  above;  once  this  data  is  available, 
the  appropriate  data  file  must  be  £uaended. 

The  first  step  should  always  be  to  make  a  backup 
copy  of  the  file  which  will  be  worked  on,  then  copy  the 
original  file  to  the  backup  file,  thereby  creating  two 
identical  files.  If  the  editing  process  corrupts  a  file, 
recovery  may  be  made  by  copying  the  spare  copy  back  to  the 
working  copy.  The  method  suggested  here  is  to  work  on  the 
copy  "attached”  to  the  model  by  the  job  control  language 
"job  stream"  described  in  Chapter  1  of  this  annex.  If  this 
is  done,  it  will  not  be  necessary  to  change  the  job  streeun 
code  that  runs  the  model.  The  process  of  creating  a  spare 
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file  is  very  single  (at  least  on  the  Harris  mini-computer) . 
The  operator  types  the  following  sequences: 

Command :  Effect : 

GE,SYSBKUP  Generate  a  new  file  called 

"SYSBKUP"  which  will  (for 
excunple)  be  used  to  hold  a 
version  of  the  "SYSDATA"  file. 

CO, SYSOATA, SYSBKUP  Copy  the  old  file  "SYSDATA" 

to  the  new  file  "SYSBKUP" 

After  this  is  coiqpleted,  two  identical  files,  "SYSDATA" 
and  "SYSBKUP"  will  be  availaUdle  to  the  operator. 

At  this  point,  a  strong  recommendation  is  to  ensure 
that  at  least  one  "off-line"  (i.e.,  a  copy  that  must  be 
manually  loaded,  and  that  is  not  accessible  under  program 
control)  copy  of  the  model,  including  the  data  files  exists 
Usually,  the  con^uter  installation  will  have  a  utility  pro¬ 
gram  that  will  allow  the  operator  to  save  machine  language 
copies  of  data  files  on  either  magnetic  tape  or  a  disk 
pack.  Good  administrative  procedures  will  ensure  that  a 
periodic  backup  of  all  files  is  made.  However,  if  this  is 
not  the  case,  the  programs  "DUMP"  and  "LOAD,"  described  in 
Chapter  1  of  this  annex,  plus  their  associated  job  streeun 
files,  may  be  used  to  retain  and  reload  a  copy  of  the  model 
The  "DUMPRUN"  job  stream  is  contained  at  Appendix  B.  The 
disadvantage  of  this  method  of  saving  copies  of  the  model 
is  that  the  process  takes  eUsout  20  ninutes  to  complete 
and  uses  most  of  a  2400-foot  tape,  while  the  machine 


language  utility  usually  completes  a  backup  copy  in  a  few 
seconds  and  only  uses  a  fraction  of  the  amount  of  tape. 

The  reason  is  that  the  utility  uses  data  compression  tech¬ 
niques  when  saving  the  files. 

The  next  step  is  to  edit  the  file  of  interest 
(SYSDATA  being  used  as  an  example) .  During  the  develop¬ 
ment  of  the  model,  the  decision  was  made  not  to  write  spe¬ 
cial  sections  of  the  model  to  edit  data,  as  this  greatly 
increases  the  work  involved  in  model  maintenance;  as  the 
model  is  changed  in  any  way  that  affects  the  data  struc¬ 
ture,  a  concomitant  change  to  the  editing  code  must  be  made. 
Most  modern  mini-conputers  have  screen-oriented  text  pro¬ 
cessing  editors  available,  and  the  use  of  such  an  editor  is 
strongly  recommended.  The  reason  for  this  recommendation  is 
that,  with  the  exception  of  the  COSTDATA  file,  a  fixed 
foinoat  data  is  used.  While  this  generally  makes  reading 
data  into  the  model  under  program  control  a  simple  matter, 
it  does  place  the  onus  on  the  operator  to  maintain  the  for¬ 
mat  during  editing,  as  the  loss  of  a  single  character  can 
give  a  data  error  which  can  stop  execution  of  the  program. 
Using  a  full  screen  editor  allows  the  operator  to  place  the 
data  over  the  old  characters,  without  changing  the  spacing 
between  the  data  elements  that  sets  the  format.  The  only 
possibility  of  error  in  this  case  is  substitution  of  "0" 
for  "0"  and  "I"  for  "1,"  or  placing  the  decimal  point  in 
the  wrong  position.  Care  has  been  teUcen  to  ensure  that  the 


data  files  have  no  more  than  80  characters  on  a  line  and, 
where  possible,  data  have  been  arranged  in  columns.  Since 
most  terminals  used  for  text  processing  have  at  least  a 
display  width  of  80  characters,  no  problems  should  be 
enountered  when  editing  in  this  manner.  If  a  screen  editor 
is  not  available,  then  the  normal  line  oriented  text  editors 
must  be  used.  Great  care  must  be  exercised  to  maintain  the 
data  format  in  this  instance.  A  suggestion  is  to  print 
the  data  file  before  editing,  then  again  after  editing. 
Errors  in  the  data  structure  are  usually  evident  from  a 
comparison  of  the  printouts. 

An  example  may  be  of  assistance.  The  following 
method  is  applicable  to  the  Harris  mini-computer,  but 
should  be  similar  to  other  systems.  Suppose  we  wish  to 
change  the  wastage  table  in  the  SYSDATA  file.  Assuming 
the  file  has  been  backed  up  as  described  edsove,  the  operator 
logs  onto  the  machine  using  one  of  the  high-speed  (9600 
baud)  visual  display  terminals.  Next,  the  command 
”TX, SYSDATA"  is  issued.  This  command  brings  the  file 
SYSDATA  into  the  text  processing  mode,  and  the  first  few 
lines  of  the  file  are  displayed  on  the  screen.  By  press¬ 
ing  the  "RETURN"  key,  the  next  page  of  line  is  displayed. 

The  operator  repeats  this  exercise  until  the  wastage  table 
is  in  view.  This  table  is  the  5  by  40  element  array  shown 
on  the  second  page  of  Appendix  J.  Using  the  cursor  move¬ 
ment  keys  on  the  terminal,*  the  flashing  cursor  can  be 


placed  over  the  characters  to  be  changed,  then  the  new 
characters  are  over-typed.  The  process  of  moving  to  a  new 
page  on  the  display  and  modifying  the  necessary  charac¬ 
ters  is  repeated  until  all  editing  is  complete.  The 
"HOME"  key  is  then  pressed  and  the  conunand  "UP"  issued, 
which  updates  the  original  SYSDATA  disk  file.  The  text 
processor  also  allows  insertions  and  deletions  to  be  made 
if  required;  however,  care  should  be  taken  to  retain  the 
original  data  structure  for  the  reasons  given  above. 

If  the  file  is  corrupted  for  any  reason,  recovery 
is  quite  simple;  copy  the  backup  file  to  the  original  file 
to  return  the  system  to  its  original  state.  The  command 
in  this  example  would  be:  "CO, SYSBKUP, SYSDATA. "  If  both 
files  are  lost,  then  it  will  be  necessary  to  recover  a 
version  of  the  file  either  from  the  DUMP/LOAD  tape,  or  the 
machine  language  backup  magnetic  tape  or  disk  pack. 

Finally,  if  all  data  is  lost,  it  would  be  possible  to 
rebuild  the  file  using  the  text  processor  and  the  exeunples 
of  the  files  listed  in  the  appendices.  In  the  most  extreme 
case,  the  source  progreun  could  be  scanned  to  find  the  read 
statements.  The  latter  two  procedures  are  very  labor  and 
time-consximing;  thus,  the  enqphasis  has  been  placed  on 
retaining  the  copies  of  the  data  files  provided  with  the 
model  and  amending  them  to  meet  the  needs  of  the  operator. 

Having  constructed  a  new  file,  the  operator  singly 
issues  the  command  (e.g. ,  "RUNROS"  on  the  Harris 


mini-computer)  to  run  the  job  streeun  described  in  Chapter  1 
of  the  Annex.  Since  the  modified  file  is  the  original  file 
"attached"  to  the  model/  no  other  changes  need  be  made. 

When  the  run  is  over,  the  operator  can  return  to  the 
original  state  by  copying  the  backup  files  back  onto  the 
originals.  If  a  number  of  different  types  of  runs  are 
required/  clearly/  several  versions  of  the  data  files  can 
be  created/  retained/  and  copied  to  the  appropriate  file 
connected  to  the  model. 

Conclusions 

The  ROS  model  could  be  described  as  "data  inten¬ 
sive"  as  every  effort  has  been  made  to  allow  the  operator 
to  adapt  the  model  for  different  research  needs  by  changing 
the  input  data,  rather  than  nmking  changes  to  the  source 
program.  The  opinion  of  the  author  is  that  this  objective 
has  been  achieved/  and  that  the  model  should  remain  useful 
for  many  years,  without  the  need  for  program  changes. 
However,  the  data  files  that  "feed"  the  model  must  be 
regularly  updated.  Since  the  data  format  is  fixed,  great 
care  must  be  teUcen  to  retain  the  correct  format,  or  the 
model  will  malfunction  or  fail  to  execute.  Use  of  both 
off-line  and  on-line  backup  of  data  files  is  highly  recom¬ 
mended,  as  is  the  use  of  a  full  screen  text  processor  to 
make  changes  to  the  data  files. 
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PROGRAM  DUMP 

THIS  PROGRAM  DUMPS  THE  ROS  MODEL  FILES  ONTO  MAGNETIC 
TAPE  VIA  A  135  CHARACTER  BUFFER.  MOTE  THAT  THREE  COPIES 
ARE  made  in  CASE  DIFFICULTIES  ARISE  READING  ONE, 

THE  USER  MUST  FIRST  CONNECT  THE  MODEL  FILES  TO  THE 
APPROPRIATE  LOGICAL  FILE  NUMBERS  30*  RO*  50*  60*  70* 

THE  tape  drive  to  60*  AND  THE  TERMINAL  FOR  MESSAGES. 
SUGGESTIONS  AREl 


30  >  ROSSRC  (ROS  SOURCE) 

ao  s  3YS0ATA  (SYSTEMS  DATA) 

50  a  ESTA0OAT  (ESTABLISHMENT  DATA) 

60  a  RAAFMEN  (OFFICER  MANPOWER) 

70  a  COSTOATA  (COST  DATA) 

80  a  MAGNETIC  TAPE  DRIVE 
??  a  PRINT*  terminal 


DECLARE  VARIABLES: 

CHARACTER*135  REC0R0*BLANK 

REWIND  SO 

FILL  THE  necessary  VARIABLES: 

100  F0RHAT(A13S) 

200  F0RMAT(»*E0R') 


OO  10  I  a  1,135 

BLANK(I:I)  a  •  i 
10  CONTINUE 


REPEAT  the  dump  FOR  THREE  CYCLES 
DO  80  I  a  1,3 

PRINT*#'  — — — —  DUMP  CYCLE  '*1*' 
C 
C 

REWIND  30 
REWIND  RO 
REWIND  50 
REWIND  60 
REWIND  70 
C 

C  DUMP  ROSSRC: 

PRINT**'  DUMPING  ROSSRC.' 

30  RECORD  a  BLANK 

REAO(30*lO0*ENOaR0)  RECORD 
WRITE(80*100)  RECORD 
GO  TO  30 
C 

C  DUMP  sysoata: 

RO  PRINT*,'  DUMPING  SYSDATA,' 

244 


DUMP  SOURCE  PROGRAM 


page  0 


MRITE(80«2O0) 

45  RECORD  s  BLANK 

REAO(aO,10Q«ENOsSO)  RECORD 
WRlTECSOf 1001  RECORD 
60  TO  45 
C 

C  DUMP  ESTABDATs 

50  PRINT*. >  DUMPING  ESTA8DAT,* 
WRITE(80»200) 

55  RECORD  a  BLANK 

READ(50.100.ENOa60)  RECORD 
WRITECBO.lOO)  RECORD 
GO  TO  55 
C 

C  DUMP  raapmen: 

60  PRINT*. •  DUMPING  RAAFMEN.' 

WRITE(80.200) 

65  RECORD  a  BLANK 

REAO(60.100.ENOa70)  RECORD 
WRITECSO.lOOl  RECORD 
GO  TO  65 
C 

C  DUMP  COSTOATAl 

70  PRINT*.*  DUMPING  C08T0ATA,' 
WRITE(eo.200) 

75  RECORD  *  BLANK 

READ(70,l00,ENDa80)  RECORD 
MRITEIBO.IOO)  RECORD 
GO  TO  75 
C 

80  WRITE(a0.200) 

CONTINUE 

C 

PRINT*,*  * 

PRINT*,'  DUMP  program  FINISHED,’ 
C 

REWIND  80 
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MS 

AS  6  3  * 

AS  30  3  ROSSRC 
AS  ao  s  svsoata 
AS  50  3  ESTABOAT 
AS  60  3  RAAFMEN 
AS  70  3  COSTOAT 
AS  80  3  ;10 
0UMP08J 
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PROGRAM  load 

THIS  program  loads  THF  ROS  MODEL  FILES  FROM  MAGNETIC 
TAPE  VIA  A  135  character  BUFFER.  NOTE  THAT  THREE  COPIES 
HAVE  BEEN  made  IN  CASE  DIFFICULTIES  ARISE  READING  ONE. 
the  user  must  first  CONNECT  THP  MODEL  FILES  TO  THE 
APPROPRIATE  LOGICAL  FILE  NUMBERS  30#  40#  50#  60#  70# 

The  tape  drive  to  so#  and  the  terminal  for  MESSAGES. 

SUGGESTIO.(iS  ARE; 

30  s  RQSSRC  (ROS  SOURCE) 

40  s  SYSOATA  (SYSTEMS  DATA) 

so  s  eSTABOAT  (ESTABLISHMENT  DATA) 

60  s  RAAFMEN  (OFFICER  MANPOWER) 

70  s  COSTOATA  (COST  DATA) 

80  =  magnetic  tape  drive 

??  a  PRINT*  TERMINAL 

DECLARE  VARIABLES; 

character*] 35  REC0RD#BLANK 


') 

O 

) 

> 

) 


FILL  THE  necessary  VARIABLES; 
lOO  F0RMAT(A135) 

DO  10  I  s  l#135 

BLANK (l;l)  a  »  » 
iO  CONTINUE 


PRINT*# ' 


LOADING  the  files 


REWIND  30 
REWIND  40 
REWIND  50 
REWIND  60 
REWIND  70 
C 

C  LOAD  ROSSRC; 

30  PRINT*# '•  LOADING  ROSSRC,' 

35  RECORD  a  BLANK 

REAO(60#100#ENOs40)  RECORD 
IF(RECORO(I;4),EO,’*EOR*)  CO 

write(3o#ioo)  record 
GO  TO  35 


TO  40 


LOAD  SYSDATA; 

(0  PRINT*,'  LOADING  SYSDATA.' 

15  RECORD  a  BLANK 

REAO(80#100#END850)  RECORD 
IF(REC0RD(1;4).EQ.'*E0R')  GO 
WRITE(40,100)  RECORD  ' 

GO  TO  45 


TO  50 


program  to  load  pos  files 
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C  LOAD  ESTABOATj 

50  PRINT*,'  LOADING  ESTABDAT.' 

55  record  s  blank 

PEAO(80,100,ENOa601  RECORD 
IFCRECORDd  :a)  .EQ.  •*EOR' )  GO  TO  60 
WRITE(50,100)  RECORD 
GO  TO  55 
C 

C  LOAD  RAAFMEN: 

60  PRINT*,'  LOADING  RAAFMEN.' 

65  RECORD  s  BLANK 

REAO(80,100,ENOs70)  RECORD 
IF(PEC0RD(1j4),EQ,'*E0R')  GO  TO  70 
WRITE(60,100)  RECORD 
GO  TO  65 
C 

C  LOAD  COSTDATA: 

70  PRINT*,*  LOADING  COSTDATA,' 

75  RECORD  *  BLANK 

REAO(60,100,ENOs80)  RECORD 
IF(REC0RDC1 ja),EO.'*EOR')  GO  TO  80 
WRITE(70, JOO)  RECORD 
60  TO  75 


CONTINUE 
PRINT*,'  ' 

PRINT*,'  LOAD  PROGRAM  FINISHED,' 


) 
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AS  30  s  ROSSRC 
AS  40  s  SYSDATA 
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AS 

6  a 

« 

AS 

21 

s 

M2 

AS 

23 

s 

U3 

AS 

11 

«• 

ESTABOAT 

AS 

12 

3 

RAAFMEN 

AS 

13 

S 

SYSOATA 

AS 

14 

S 

COSTOAT 

AS 

60 

S 

* 

AS 

61 

S 

* 

AS 

66 

8 

W3 

AS 

77 

S 

t6 

ROSOBJ 

ALL 

ME 

APPENDIX  F 

AN  EXAMPLE  OF  DIALOGUE  WITH  THE  COMPUTER 


RUKROS 


PAAF  OFFICER  STRUCTURE  MODEL 

FILE  TABLES  FOR  LATER  PRINTOUT  (Y/N)? 
Y 


WUAT  IS  TKE  ATS  FOR  1981  ? 

3650 


-1  MEN  LEFT  OVER  IK  INITIAL  ALLOCATION 
TOOK  ONE  BACK  FROM  FLTLT  AIR  TRAFFIC 

0  MEN  LEFT  OVER  IN  FINAL  ALLOCATION 
ATS  USED-  3650 

1981  (BASE  YEAR) 

PLTOFF/ 


RANK 

FLGOFF 

FLTLT 

SQNLDR 

WGCDR 

GPCAPT  AIRCDR 

AVM 

STRENGTH 

913 

1388 

787 

408 

104 

33 

14 

TARGET 

1123 

1126 

822 

421 

115 

31 

12 

ESTABLISHMENT 

1208 

1229 

876 

428 

115 

31 

12 

OPTIONS  ARE: 

"G",  "H- 

HELP", 

"Q  "  ,  "U  "  , 

"T",  "E 

M  MQ  M  n 

I  -  ? 


I 

I 


EXPLANATIONS  OF 


“G* 

“H* 

"Q* 

"U ' 
"T* 
"E' 
"C‘ 
-R' 


MEANS 

MEANS 

MEANS 

KEANS 

KEANS 

MEANS 

KEANS 

MEANS 


•GO** 

•help** 

•quit** 

•UNLOAD** 

•TABULATE 

"ESTAB" 

•COSTING" 

•RESTART" 


OPTIONS  ARE: 

(ADVANCES  THE  MODEL) 

(PRINTS  THIS  MESSAGE) 

(STOPS  THE  PROGRAM) 

(DUMPS  MAN  INFO  ONTO  FILE  FTN21) 
(TABULATES  ANY  ATTRIBUTE  BY  RANK) 
(SHOWS  ESTAB  &  NO.  BORNE  BY  CATGRY) 
(PRESENTS  TKE  ANNUAL  COSTS) 

(BEGINS  AGAIN  FROM  THE  BASE  YEAR) 


CK  NOW  YOU  KNOW  THE  CODES 


OPTIONS  ARE:  "G " , "H-HELP  " , "Q " , "U " , "T " , "E" , "C " , "R " 

» 

G 

WHAT  IS  THE  WASTAGE  FACTOR  FOR  THE  YEAR  1981 

.85 

WHAT  IS  TKE  ATS  FOR  1982  ? 

3700 

-1  KFN  LEFT  OVER  IN  INITIAL  ALLOCATION 
TOOK  ONE  BACK  FROM  FLCOFF  EOUIPKFNT 

0  KEN  LEFT  OVER  IN  FINAL  ALLOCATION 
ATS  USED-  3700 


TOTAL 

3647 

3650 

3899 
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CCONTROL  LOCATION, SOUNDS 
CCONTROL  SEGMENT3SE61 
PROGRAM  ROS 

FUNCTIONS  OF  THE  VARIOUS  SUBROUTINES  CALLED  HERE  ARE  • 

SETUP  READS  ESTA8,INIT  AND  SYS  PARAM  FJLES  (LUll,12,t3) 
NEXTYE  STEPS  A  YEAR  AND  DOES  THE  CALCULATIONS 
TABLAT  TABULATES  CURRENT  STATUS 

ESTABC  DISPLAYS  NO  BORNE  AND  ESTABLISHMENT  BY  CATEGORY 
GETFIL  SETS  UP  INPUT  FILES  AND  LIST  FILES 
GETSYSNAMES  SETS  UP  NAMES, OF  SYSTEM  PARAMETERS 
COSTING  determines  THE  COST  OF  THE  OFFICER  CORPS  INC  TRAINING 

COMMON  /MANC  /  TIMERAfYOS, RANK, CAT6RY, BRANCH, SiGCH,LGBLTY 
INTEGER  TIMERA,Y0S»RANK,CATGRV»6RANCH,SI6CH«LGBLTY 

COMMON  /BLANK  /  TXME,TOTAL,NEXTLK,NOINRA(7) ,NOBRNE(7,25) 

INTEGER  TIMErTOTAL 

common  /ESTABL  /  ESTABL(7»25),ESTRNK(7)»ESTCATf25)»EST0T, 

•  TARGET(7,25),RNKTGT(7), ATS,INLMAN(7,2S), 

NCANOS(3,2S) 

INTEGER  ESTABL, ESTRNK,ESTCAt»ESTOT, TARGET. RNKTGT/ATS 

COMMON  /SYSTEM  /  NRANK8.NCATS,L00KIN, INITYE, ISCAlE, WASFAC. 

•  N8RCHS.BRCHCT(25), 

MXNTIM(7»2S),PR0TAB(3,25), 

•  WASTA8(5,«0),JPRINT.KPRINT 

INTEGER  BRCHCT 

COMMON  /RECRUT  /  IYQSRC(25) ,MAXREC(2S) .NUMREC(7.25) 

COMMON  /TA8ULN  /  MINTAB(6) ,MAXTA8(6) 

COMMON  /INOUT  /  IOCORE(7,5000),LASTRC 
COMMON  /HASTE  /  NEWAST 
REAL  NEWAST 

COMMON  /NAMES  /  RANKNM(7) ,CATNAM(2S) ,BRCHNM(5} ,S1GNAM(5I 
CHARACTER*!  RANKNM*6,  CATNAM*t5(  BRCHNM*15,SXGNAM*1S 

COMMON. /COUNTS  /  IHAS(7) , IRET(7) . IREC C7) , IPR0(7) , IEXIT(25) 
CHARACTER*!  COMMAND 
WRITE(6I,*)  ’  » 

HRITE<61,*)’  RAAF  OFFICER  STRUCTURE  MODEL* 

WRITEC61,*)'  '  ,  . 

C  optionally  dispose  of  printout  of  TABLES 
JPRINT  »  6! 

WRITE(6!.*)  '  FILE  TABLES  FOR  LATER  PRINTOUT  (Y/N)?’ 

REAO(60,4O}  COMMAND 
WRITE(6!,*)  *  ' 

IF  (COMMAND, EG. ’Y*)  JPRINT  »  77 
KPRINT  a  JPRINT 
REWIND  77 
C 

RANKNM(  na»FLGOFF» 

RANKNM(  2)ai  FLTLT* 

RANKNM(  3)**SQNL0R' 

RANKNM(  4)*'  WGCDR* 
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RANKNM(  5)3'GPCAPT' 

RANKNM(  6)s'AIRC0R* 

RANKNMC  7)ai  AVM' 

CALL  GET3YS 

10  call  setup 

20  WRITE  (61,30) 

30  FORMATC/'  OPTIONS  AREl  "G", "HAHELP^r "O", "U", "T", "E", «C», "R* ' / 

-  •  ?•) 

READ  (60,40)  COMMAND 
40  FORMAT(Al) 

IF  (COMMANO.NE.'H* }  60  TO  60 
.  WRITE  (61,50) 

SO  FORMATC’  EXPLANATIONS  OF  OPTIONS  AREtV 

-  '  ■G"  MEANS  "GO*  (ADVANCES  THE  MOOED'/ 

-  •  "H"  MEANS  "HELP"  (PRINTS  THIS  MESSAGE) V 

-  '  "0"  MEANS  "QUIT"  (STOPS  THE  PROGRAM)'/ 

-  '  "U"  MEANS  "UNLOAD"  (DUMPS  MAN  INFO  ONTO  FILE  FTN2i)»/ 

-  *  "T"  MEANS  "TABULATE"  (TABULATES  ANY  ATTRIBUTE  BY  RANK)'/ 

-  *  "E"  MEANS  "ESTAB"  (SHOWS  ESTAB  ft,  NO.  BORNE  BY  CAT6RY)'/ 

-  '  "C"  MEANS  "COSTING"  (PRESENTS  THE  ANNUAL  COSTS)'/ 

-  *  "R"  MEANS  "RESTART"  (BEGINS  AGAIN  PROM  THE  BASE  YEAR)'/ 

-/'  OK  NOW  YOU  KNOW  THE  CODES') 

60  TO  20 

60  IF  (COMMAND. NE, *6')  GO  TO  SO 
NEXTLK  «  TIME  ♦  LOOKIN 
C  . 

C  SET  wastage  FACTOR  FOR  THE  YEAR 

.  WRITE(61,*)  '  WHAT  IS  THE  WASTAGE  FACTOR  FOR  THE  YEAR  »,TIME 

REA0(60,*)  NEWAST 
C 

70  CALL  NEXTYE 

IF  (TIME. LT. NEXTLK)  GO  TO  70 
GO  TO  20 

SO  IFICOMMANO.EQ^'Q'J  STOP  »  COLLECT  MODEL  OUTPUT?' 
IF(COMMANO.EQ.'U')  CALL  UNLOAD 

if(commano,eq,'T')  call  taslat 

IF(C0MMAN0.E0.'E*)  CALL  ESTA8C 

if(commano.eo,'C')  call  costs 

IF(COMMANO.EO.'R')  go  to  10 
60  TO  20 

end 

CCONTROL  SE6MENTsSE62 

SUBROUTINE  GETFIL  (NOT  USED  IN  THIS  IMPLEMENTATION) 

THIS  SUBROUTINE  SETS  UP  FILE  EQUATIONS  FOR  ALL  FILES 
USED  DURING  ALL  PHASES  OF  THE  PROGRAM. 
the  files  AREl  • 

FTN21I  A  PERMANENT  FILE,  OUTPUT  IN  RESPONSE  TO  A  'UNLOAD' 
COMMAND.  (NOT  AN  INPUT  FILE.) 
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IT  IS  IN  THE  SAME  FORMAT  AS  FILE  FTNlZ  (IE  6I3>, 

IT  IS  SIMPLY  A  DUMP  OF  ALL  OF  ARRAY  IOCORE(7,5OO0) . 
FTN23X  RECRUITS  FILE  CREATED  DURING  RUN,  NOT  AN  INPUT  FILE 
FTNlii  ESTABLISHMENT  FILE,  CONTAINS  : 

establishment  levels  for  each  RANK  AND  BRANCH,  CHANGES 
MUST  BE  REPEATED  WITH  THE  APPROPRIATE 
VALUES  FOR  EACH  YEAR  THAT  THE  MODEL  WILL  BE  RUN 
FTN12I  MANPOWER  FILE,  CONTAINS  ONE  RECORD  PER  OFFICER. 

FTN13I  SYSTE'M  PARAMETERS  FILE,  CONTAINS  VALUES  FOR  ALL 

SYSTEM  parameters  (SUCH  AS  RATES  FOR  RECRUITMENT, 
WASTAGE,  PROMOTION  ETC.). 

FTNlRt  COST  OF  SALARIES  AND  TRAINING 

FTN60I  SYSTEM  INPUT  FILE,  U,  WHAT  YOU  TYPE  WHEN  YOU  RUN 
THE  MODEL, 

FTN61I  SYSTEM  OUTPUT  FILE,  U.  THE  RESULTS  OF  YOUR  TYPING, 

AND  PROMPTS  FOR  MORE  COMMANDS, 

FTN66t  PLACE  WHERE  RETIREES  GO,  NOT  AN  INPUT  FILE 
FTN77;  A  SPOOL  FILE  FOR  THE  PRINTED  OUTPUT 


RETURN 

END 


CONTROL  BOUNDS 
CONTROL  SE6MENT»SEG2 
SUBROUTINE  SETUP 


THIS  SUBROUTINE  ACQUIRES  (OR  REAQUIRES  IN  THE  CASE  OF  A  "RESTART") 

THE  DATA  USED  BY  THE  MOOELl 

Lull  HAS  THE  ESTABLISHMENT  NUMBERS 

LU12  HAS  THE  "INITIAL  CONDITIONS"  I.E,  RECORDS  OF  OFFICERS 
SERVING  IN  THE  BASE  YEAR 
LU13  HAS  THE  SYSTEM  PARAMETERS 


COMMON  /MANC 
INTEGER 
COMMON  /BLANK 
INTEGER 

COMMON  /ESTABL 


INTEGER 

COMMON  /SYSTEM 


INTEGER 

COMMON  /RECRUT 
COMMON  /TABULN 
COMMON  /INOUT 
COMMON  /WASTE 
REAL 


/  TIMERA,YOS, RANK, CATGRY, BRANCH, SIGCH.LGBlTY 
TIMERA, YOS, RANK, CATGRY, BRANCH, 8IGCH,LGBlTY 
/  TIME,TOTAL,NEXTLK,NOINRA(7),N08RNE(7,25) 
TIME, TOTAL 

/  ESTABL(7,25),ESTRNK(7),ESTCAT(25),EST0T, 
TARGET(7,25),RNKTGT(7), ATS,INLMaN(7,2S), 
NCAN0S(3,25) 

ESTABL, ESTRNK,ESTCAT,E3T0T, target, RNKTGT» ATS 

/  nranks,ncats,lookin,initye,iscale,wasfac# 

NBRCHS,BRCHCT(25), 

MINTIM(7,25),PR0TA8(3,25), 

WASTA8(5,aO), JPRINT,KPRINT 
BRCHCT 

/  ir0SRC(25),MAXREC(25),NUMREC(7,25) 

/  MINrA8(6),MAXTAB(6) 

/  IOCORE(7,5000),LA8TRC 
/  NEWAST 
NEWAST 
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COMMON  /NAMES  /  RANKNM(7)  ,CATNAM(25)  ,BRCHNM(5WSIGNAM(5) 
character*!  RANKNM*6#  CATNAM*lS,  BRCHNM*15#SIGNAM*15 

COMMON  /COUNTS  /  IWAS(7) , IRETt?) , IREC(7) , IPPO(7) , IEXITC25) 

LOGICAL  FIRST 
DATA. FIRST/, TRUE,/ 

IF  (FIRST)  GO  TO  20 
HRITE  (61fl0) 

10  FORMAT!*  ****  MODEL  RESTARTING  FROM  INITIAL  YEAR  ****•//) 
20  FIRST*. FALSE, 

REWIND  11 
REWIND  12 
REWIND  13 

READ  IN  SYSTEM  PARAMETERS 

READ(i3»31)  NRANKS 
READ(13»31)  NCATS 
READ(13,31)  LOOKIN 
READ(13»31)  INITYE 
READ(13^31)  ISCALE 
REA0(13#30)  WASFAC 

30  F0RMAT<FS,1) 

READ(13»31)  NBRCHS 

31  FORMATdS) 

READ(t3,32)  (BRCHNMd) ,  IsUNBIlCHS) 

READd3,32)(SIGNAMd),Ist,S) 

32  FORMATCSAIS) 

READd3«34)(MINTABd)dPt»6) 

READd3f34)(MAXTA8d),IsU6) 

34  F0RMATC6IS) 

REA0d3,36)(IY0SRCd)d*lr  NCATS) 

36  F0RMAT(2SI3) 

REA0d3f37)  ((MINTIMd  *J)  flat  f  NRANKS)  »J«lr  NCATS) 

37  F0RMAI<7I5) 

READd3»38)((PR0TA8(I,J),I«l#3)»JairNCATS) 

38  F0RMAT(3F5.2) 

READd3#34)  ((WASTA8CI,J)d«l*NBRCHS)*Jal,40) 

39  F0RMAT(SF5,3) 

READd3,36)(MAXREC(I)#Iai,NCATS) 

READ  IN  ESTABLISHMENT  SIZES*  BRANCH  NUMBERS  AND  CATEGORY  NAMES 

READ  (11*40)  ((ESTA6L(I*J)*Ial,NRANKS)«BRCHCT(J)*CATNAM(J)* Jal 
-NCATS) 

40  F0RMAT(7I3*4X*I3*A1S) 

C  ZERO  THE  RECRUITING  AHRAY 
C 

0045  lal, NRANKS 
DO  47  Jsl*NCATS 
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NUMREC(I»J)sO 
47  CONTINUE 
45  CONTINUE 


READ  IN  INITIAL  CONDITIONS  FILE 


THE  FILE  SHOULD  8E  SORTED  ALREADY  IN  ORDER  OF: 

RANK  •  DECREASING 
CATEGORY  •  INCREASING 
TIME  IN  RANK  -  DECREASING 

LASTRKS99 
LASTCTaO 
LASTTRaRR 
TOTALaO 
LASTRCaO 

DO  60  I  a  UNRANKS 
DO  50  J  a  1,NCATS 
50  NOSRNECUJIaO 
60  NOINRACnaO 

70  READ  (larSOrENDaUO)  TIMERA, Y0S*RANK,CATGRY#8RANCH»S1CCH 
80  F0RMAT(6I3) 

LGBLTYaTIMERA-MINTIM<RANK,CATGRY> 

IF(LG0LTY.LT.O)LG8LTY37 
IF(LG8LTY,GT.5)LG0LTY37 
IF  (RANK-LASTRK)  t30#R0»U0 
RO  IF  ILASTCT-CATGRY)  130,100,110 
100  IF  (TIMERA-LASTTR)  130,130,110 

110  WRITE  (61,120)  LASTRK,LASTCT,LA8TTR, total, TIMERA.YOS, RANK, 

*CATGRY, BRANCH, SIGCH 

120  FORMAT(//»**  OFFICER  DATA  INPUT  FILE  OUT  OF  SEQUENCE  **'// 

♦  'LAST  RECORD  -  RANKai,I3,'  LAST  CATEGORYa M3,  •  LAST  TIME  IN  RANK* 
*,I3,'  RECORD  NO,a',IR/'THlS  RECORD  (TIMERA, YDS, RANK,CAT,0R, SIGCH) ' 
*,613) 

STOP 

130  LASTRKaRANK 
LASTCTaCATGRY 
LASTTRaTiMERA 
total  a  TOTAL  ♦  I 
LASTRCaLASTRC+l 

NOINRA(RANK)  a  NOINRA(RANK)  ♦  1  . 
N0BRNECRANK,CAT6RY)aN08RNECRANK,CATGRY)*l 

call  OUT(TOTAL) 

GO  TO  70 
C 

C  ADO  UP  ESTAB  &  NOS  'BORNE  IN  BASE  YEAR 
C 

140  E3T0T  a  0 

00  150  JT  a  UNCATS 
150  ESTCAT(jT)aO 


i 

1 

:! 

i 

3 

1 

■i 

.1 

,1 

1 

'1 

J 
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00  170  IT  s  l^NRANKS 
ESTRNK(IT)=0 
00  160  JT  s  1,NCATS 
MENE3TaESTABL(IT»JT) 

ESTRNKdTIaESTRNKdn-^MENEST 
160  E8TCAT(JT)aESTCAT(JT)+MENE3T 
170  ESTOT  a  E3T0T  ♦ESTRNKdT) 

SET  TIME  FOR  NEXT  LOOK 
SET  wastage  FACTOR  TO  1 

TIMEalNlTYE 

NEXTLO  a  TiMEfLOOKiN 

NEWASTaWASFAC 

CALL  ALLCAT  TO  READ  INITIAL  TERMINAL  STRENGTH  (FTN60) 
AND  ALLOCATE  TARGETS  THROUGH  ALL  RANKS  AND  CATEGORIES 

CALL  ALLCAT 

WRITE  (77d80)  TIM6,rOTAL*NOiNRA 
ISO  F0RMAT(915) 

PRINT  OUT  ESTABS  AND  NUMBERS  BORNE  IN  INITIAL  YEAR 


CALL  PRTOUT 

RETURN 

END 


CONTROL  SEGMENTaSEGl 
CONTROL  JOUNOS 

SUBROUTINE  OUT(J) 


THIS  ROUTINE  TAKES  THE  CURRENT  SEVEN  WORDS  OF  COMMON 
BLOCK  "MANC"  -  DATA  ON  THE  CURRENT  OFFICER  - 
AND  ENCODES  IT  INTO  ARRAY  ioCORE(7.5000) 

COMMON  /MANC  /  TIMERA, YOS, RANK, CATGRY» BRANCH, SIGCH, LGBlTY 
INTEGER  TIMERA,Y0S,RANK,CATGRY,DRANCH,SIGCH,LGBLTY 

COMMON  /SYSTEM  /  NRANKS,NCATS,LOOKIN, INITYE, ISCAlE.WASFAC, 

NBRCHS,8RCHCTt2S), 
MINT1M(7,25),PR0TAB(3,25), 
WASTA8(5,a0),JPRINT,KPRINT 
INTEGER  BRCHCT 

COMMON  /INCUT  /  IOCORE(7,5000),LA3TRC 
IFCJ.LE.OISTOP  'J.LE.O  in  OUT* 

IFCJ.GT.LASTROSTOP  ’J.GT.LASTRC  IN  OUT* 

IF(J,GT,SOOO)PRINT*,  *'J,GT,50(J0  IN  OUT',J 

lOCOREd.JlaTIMERA 

IOCORE(2,J)aYOS 

I0C0REC3,J)aRANK 


f»r»  o  or*  o  o 


PACE  «  7 


RAAF  OFFICER  STRUCTURE  MODEL  PROGRAM. 


X0C0RE(4#J)9CAT6RY 
Z0C0RC(5»J)«BRANCH 
X0C0RE(6rJ)*SX6CH 
X0C0RE(7#J}«L6BLTY 
IF  (RANK.EQ.O)  go  to  10 
IF  (CATGRY.EQ.O)  60  TO  10 
IF  (BRANCH. EQ.O)  60  TO  10 
IF  CY03.6T.4Q)  GO  TO  10 
IF  (RANK.GT.NRANKS)  GO  TO  tO 
IF  (CAT6RV.GT.NCATS1  GO  TO  10 
IF  CBRANCH.GT. 5)  60  TO  10 
RETURN 

10  PRINT*,*  VALUE  OUT  OF  RANGE,  J9',J,'|  LASTRCs* ,LA3TRC 
PRINT*, • TXMERA TXMERA 
PRINT*, •YOS',YOS 
PRINT*, 'RANK', RANK 
PRINT*, 'CATEGORY*, CAT6RY 
PRINT*, 'BRANCH*, BRANCH 
PRINT*, *SI6CH*,3IGCH 
CALL  UNLOAD 

STOP  'OFFICER  DATA  DUMPED  TO  FTN21* 

END 

CCONTROL  SEGMENTsSEGl 
CCONTROL  BOUNDS 

SUBROUTINE  IN(J) 

THIS  ROUTINE  TAKES  THE  Jth  ELEMENT  OF  ARRAY 
IOCORE(7,SOOO)  AND  DECODES  IT  INTO 
SEVEN  INTEGERS  IN  THE  COMMON  BLOCK  MANC, 

THIS  CONSTITUTES  THE  DATA  ON  THE  OFFICER 
CURRENTLY  BEING  INSPECTED. 

COMMON  /MANC  /  TIMERA, Y0S,RANK,CAT6RY,BRANCH,SXGCH,L6BLTY 
INTEGER  TXMERA, Y0S,RANK,CAT6RY, BRANCH, SXGCH.LGBlTY 

COMMON. /XNOUT  /  I0CORE(7,5000),LASTRC 
XF(J.GT,LASTRC)ST0P  'J.GT.LASTRC  in  IN' 

TIMERA9lOCORE(l,J) 

YOS9lOCORE(2rJ) 

RANKalOCOREOrJ) 

CAT6RY«I0C0RE(4rJ) 

BRANCHsIOCORECSrJ) 

SI6CHaI0C0RE(6,J) 

LGBLTYaI0C0RE(7,J) 

RETURN 
END 

CCONTROL  SEGMENTsSEGl 
CCONTROL  BOUNDS 

SUBROUTINE  UNLOAD 

THIS  SUBROUTINE  DUMPS  ALL  OF  THE  OFFICER  DATA  ONTO  DISC, 
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C 

COMMON  /MANC  /  TIMERA,Y08, RANK, CAT6RY, BRANCH, S1GCH«LGBlTY 
integer  timera,yos, rank, catgrv, branch, SIGCH,L68lTY 

COMMON  /BLANK  /  TIME, TOTAL, NEXTLK, NOINRA (7) , NOBRNEC 7, 25) 

INTEGER  TIME, TOTAL 

COMMON  /INOUT  /  IQCORC(7,SOOO),LA8TRC 

DO  10  I  s  1,LASTRC 

CALL  IN(I) .  .  . 

10  WRITE  (21,20)*  I, T1MCRA,Y0S, RANK, CATGRY, BRANCH, SIGCH,L6BLTY 
20  F0RHATCIS,ai3,3I2) 

RENINO  21 

RETURN 

END 

CCONTROL  BOUNDS 
CCONTROL  3EGMENTaSEG3 
SUBROUTINE  RESEQ 

COMMON  /MANC  /  TIMERA, YOS, RANK, CATGRY, BRANCH, SZGCH, LGBLTY 
INTEGER  TIMERA, YOS»RANK, CATGRY, BRANCH, SI6CH,L6BlTY 

COMMON  /blank  /  T1ME,T0TAL#NEXTLK.N0INRA(7),N0BRNE(7,2S) 

INTEGER  TIME, TOTAL 

common  /system  /  NRANKS,NCATS*LQ0KIN,IN1TYE»ISCALE,WASFAC» 

-  N8RCHS,BRCMCTC25), 

-  .  MINT1M(7,25),PR0TAB(3#25), 

WASTAB(5»«0)»JPRINT,KPRINT 
INTEGER  BRCHCT  .  . 

common  /RECRUT  /  IY0SRC(25),MAXREC(25)»NUMRECC7,25) 

COMMON  /INOUT  /  IOCORE(7,5O00),LASTRC 

THIS  ROUTINE  TAKES  THE  OFFICER  DATA  FILE  (ARRAY  IQCORE) 
AT  THE  END  OF  A  YEARNS  SIMULATION  (OR. AT  THE  START  OF 
THE  NEXT  YEAR)  AND  SORTS  IT  INTO  THE  CORRECT  SEQUENCE. 
THE  INPUT  DATA  WAS  IN  THE  CORRECT  ORDER.  BUT  SOME 
OFFICERS  HAVE  BEEN  PROMOTED,  SOME  HAVE  WASTED  OR 
RETIRED,  AND  THERE  IS  A  LARGE  LUMP  OF  RECRUITS  ON  THE 
END.  THIS  ROUTINE  DROPS  THE  WASTAGE,  PUSHES  THE. 
PROMOTEES  UP  THE  LINE,  AND  PUTS.THE  RECRUITS  ONTO 
THE  END  OF  THE  APPROPRIATE  RANK-CATEGORY  BUNDLES 
(WHICH  ARE  SORTED  INTO  DECREASING  ORDER  OF  SENIORITY). 

THE  FIRST  PART  DELETES  THE  WASTED. OFFICERS  AND  RECRUITS 
REMEMBERING  THAT  THERE  IS  AN  ARRAY  (NUMREC)  WITH  THE 
NUMBER  OF  RECRUITS  IN  EACH  CATEGORY,  THE  PROMOTEES 
ARE  WRITTEN  OUT  ONTO  FILE  FTN23,  FOR  LATER  RETRIEVAL, 
THESE  BLOKES  WILL  ALL  JUMP  UP  ONE  RANK,  SO  THEY  ARE 
IN  THE  CORRECT  SEQUENCE  ALREADY,  THE  DECREASED 
SIZED  DATA'  file  IS  SQUASHED  DOWN  TOWARDS  THE  BOTTOM 
TO  ALLOW  A  BLANK  SPACE  AT  THE  TOP  OF  THE  DATA  ARRAY, 

THE  SECOND  PART  OF  THE  ROUTINE  MERGES  ThE  THREE  DATA 
SOURCES,  THE  LARGE  DATA  ARRAY.  THE  PROMOTEES  WHO  WERE 
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C  PUSHED  ONTO  FILE  FTN23f  AND  THE  RECRUITS  WHOSE  NUMBERS 

C  ARE  HELD  IN  ARRAY  NUMREC. 

INTEGER  BUF(7)»C0RBUF(7)»0CRBUF(7)»8UF3C7),RECBUF(7) 

EQUIVALENCE  (BUF ( 1 ) , TIMERA) , CBUF(2) »  YDS) * (BUFC3) .RANK) , 

*  (BUF(4).CAT6RY).CBUF(S)«BRANCH).(BUF(6).SI6CH). 

*  (8UF(7),L60LTY) 

OPEN(UNIT»23. STATUS* 'SCRATCH*, ACCESS* 'OIRECT', 
aFORM*'UNFORMATTEO' ,RECL330,BLANKs'NULL' ) 

NREC3aO 

NREAD*LASTRC 

NWRlTEaLASTRC 

10  IF  (NREAO,EQ.O)  60  TO  30 
CALL  IN(NREAO) 

NREAOaNREAD-l 
IF  (SXGCH.GE.A)  60  TO  10 
IF  (SI6CH.NE.3)  60  TO  20 
NREC3*NREC3tl 
WRXTEC23,REC*NREC3)  BUF 
60  TO  10 

20  IF  CS16CH.EQ,2)  60  TO  10 
CALL  OUT(NWRITE) 

NWRITE*NWRITE-1 
GO  TO  10 

30  NREAOaNWRITE^l 
NWRITE*! 


SECOND  PART 

MERGE  THE  OLD  LIST,  THE  PROMOTEES  AND  RECRUITS* 
PUSHING  THE  LIST  BACK  UP  TO  THE  TOP  OF  THE  ARRAY. 


LASTaO 

CALL  IN(NREAO) 

NREADbNREAO-M 
00  00  I  a  1,7 
40  CORBUFCDaBUFCI) 

IF(NREC3.NE.O>REAOC23,RECaNREC3)BUF3 
DO  140  IRANK  a  NRANKS,1,«1 
DO  140  ICAT  a  1,NCATS 
IF  (LAST.EQ.l)  GO  TO  100 
DO  50  I  a  1,7 
50  BUF(I)4C0RBUF(I} 

60  IF  (ICAT.NE.CATGRY)  GO  TO  80 
IF  (IRANK. NE.RANK)  60  TO  80 
CALL  OUTCNWRITE) 

NWRITEaNWRITEtl 
IF  CNREAO.GT.LASTRC)  60  TO  70 
CALL  IN(NREAO}. 

NREAOaNREAOtl 
60  TO  60 
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GO  TO  too 
80  00  90  I  »  1/7 
C0R8UFCl)aBUF(I) 

90  CONTINUE 
C 

100  IF  (NRECS.EQ.O)  GO  TO  120 

IF  (BUF3f3>,N£,lRANK)  GO  TO  120 
IF  (BUF3(«).N6.ICAT)  GO  TO  120 
00  110  1  >  1/7 
110  BUFCl)aBUF3(X) 

CALL  OUT(NWRITE) 

NWRITE»MHRITE41 
NREC3aNReC3-l 
IF  (NREC3.E0.0)  60  TO  120 
REA0(23«REC3NREC3)aUF3 
GO  TO  too 
C 

120  riaNUMRECCIRANK/ICAT) 

NUMRECCIRANK, rCAT)  a  0 
IF  (lI.EO.O)  GO  TO  190 
RANKalRANK 
CATGRYajCAT 
BRANCHaSRCHCTdCAT) 

TIMERAaO 

YOSaO 

SIGCHa2 

00  130  I  a  1,11 
CALL  OUKNWRITE) 

NWRITEaNHRITE>l 
130  CONTINUE 
140  CONTINUE 
CL0SE(23) 

LASTRCsNWRITE-1 

IF(LA8TRC,Ea,T0TAL)RETURN 

PRINT*/'  LASTRC.NE.TOTAL'/LASTRC/ *  NE'/TOTAL 
STOP'IN  RESEQ' 

ENO 

CCONTROL  BOUNDS 
CCONTROL  SEGMENTaSEGl 

SUBROUTINE  PRTOUT  .  .  , 

COMMON  /blank  /  TIME»T0TAL/NEXTLK,N0INRA(7)/N0BRNE(7,25) 
INTEGER  .  TIME/TOTAL  ... 

COMMON  /ESTA8L  /  E3TA8L( 7/ 25) / E8TRNK ( 7) / ESTCAT (25) • ESTOT, 

-  TARGET(7/25)/RNKTGT(7)/AT3/INLMAN(7/25)/ 

-  NCAN03(3,25) 

INTEGER  E37  A8L, ESTRNK / ESTC AT, ESTOT /TARGET/RNKTGT/ ATS 

* 

COMMON  /SYSTEM  /  NRANKS/NCAT3.L00KIN, INtTYE, ISCAlE/WASFAC# 

•  N8RCHS/BRCHCT(25)/ 

-  MINTIM(7»25),PR0TAB(3,25), 
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•  WA3TA8C5»40),JPRINT,KPRINT 

INTEGER  9RCHCT 

COMMON  /NAMES  /  RANKNM(7) ,CATNAM(2S) » BRCHNM(5) > SIGNAM(5) 
CHARACTER*!  RANKNM*6#  CATNAM*l5t  BRCHNM*t5,SI6NAM*15 

COMMON  /COUNTS  /  IWASCT) » IRET(7) » IREC (7 J , IPRO(7) , lEXITISS) 

C  . 

CHARACTER*! 1  BASE 
C 

BASE*'  • 

XF(TXME,EQ,INtTYE)BASE«*(BASE  YEAR)' 

WRITE  (61* IQ)  TIME»BA8E«RANKNM,N0ZNRA»T0TAL»RNKT6T,ATS,E8TRNK 
.*fESTOT 

10  FORMAT!*  ' » 14, IX, A1 1/13X, 'PLTOFF/* , AQX, » TOTAL ' / •  RANK • , 8X,7 ( IX, A6) 
*/!  STRENGTH*, 4X,ai7/»  TARGET* ,6X,SI7/ *  ESTABLISHMENT* , 16,717/) 
1F(TIME.EQ.INITYE)RETURN 
WRITE  (61,20)  IPRO,IREC,XRET,IWAS 
20  FORMAT!*  COUNTS  OF  OFFICERS  PROMOTED  AND  NEW  RECRUITSt*/ 

**  PROMOTIONS  ‘*,717/*  RECRUITS  *,717// 

**  COUNTS  OF  OFFICERS  EXiTINGt*/*  RETIRED *, 5X, 717/ *  WASTED* ,6X, 717) 
RETURN 
END 

CCONTROL  LOCATION 
CCONTROL  BOUNDS 
CCONTROL  SEGMENTsSEGS 

SUBROUTINE  NEXTYE 

calculate  THE  CHANGES  IN  EACH  MAN''S  STATUS  OVER  THE  PAST. 

TIME  interval,  EACH  MANFS  RECORD  IS  READ  IN  AND  THEN  WRITTEN 
OUT  UNLESS. HE  HAS  LEFT  THE  AIR  FORCE. 

NEW  RECRUITS  ARE  THEN  INTRODUCED. 


COMMON  /MANC  /  TIMERA, VOS, RANK, CATGRY,BRANCH,SiGCH,LGBLTY 
INTEGER  TIMERA, YOS, RANK, CATGRY, BRANCH, SIGCH,LGBlTY 

COMMON  /BLANK  /  TIME,T0TAL,NEXTLK,N0INRA!7) ,N0BRNE!7»25) 
INTEGER  time, TOTAL 

COMMON  /ESTABL  /  ESTABL!7, 25) ,ESTRNK (7) , ESTCAT(25) ,E8T0T. 

TARGET!7,25),RNKT6T!7),AT8,INLMAN!7,2S). 
NCAN08!3,25)  ... 

INTEGER  C8TABL,ESTRNK,ESTCAT,EST0T, target, RNKTGT, ATS 

COMMON  /SYSTEM  /  NRANKS,NCATS,L00KIN, INITYE, ISCAlE, WASFAC, 

N8RCHS,8RCHCT(25), 

MINTIM!7,25),PR0TAB!3,25), 
WASTA8!5,40),JPRINT,KPRINT 
INTEGER  6RCHCT 

COMMON  /RECRUT  /  I Y08RC!25) , HAXREC (25) , NUMREC !7, 25) 

COMMON  /INOUT  .  /  IOCORE!7,5000) , LASTRC 

COMMON  /NAMES  /  RANKNM!7) ,CATNAM( 25) , BRCHNM(S) , SIGNAM!5) 
CHARACTER*!  RANKNM*6,  CATNAM*15,  BRCHNM*15,SICNAM«15 

COMMON  /COUNTS  /  IWAS!7) , IRET(7) , IREC!7) , IPRO(7) , IEXIT(25) 
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DIMENSION  IAT0L0(6)f INESTBCT) 

RESCQ  OFFICER  DATA  IN  C0RE» 

DELETING  MASTED  AND  RETIRED  OFFICERS. 

SEQUENCE  ISt  RANK  (DESCENDING) 

CATEGORY  (ASCENDING) 

TIME  IN  RANK  (DESCENDING) 

IF  (TIME  ,NE,.  INITYE)  CALL  RESEO 

STEP  TIME  AND  RESET  PARAMETERS  FOR  THE 

START  OF  A  NEW  YEAR 

REWIND  66 
TIME  a  time  ♦! 


DO  10  CAT6RY  a  l.NCATS 
00  S  IRKLSlaUS 
5  NCAN0S(IRKLSl,CATGRY)a6 
1EX1T(CAT6RY)«0 
00  10  RANK  a  1,NRANKS 
10  NUMREC(RANK»CATCRV)aO 
00  20  RANK  a  1,NRANKS 
1WAS(RANK)«0 
IREC(RANK)aO 
IPRO(RANK)aO 
20  IRET(RANK)aO 
GO  TO  50 

«0  WRITE  (6l»*)  *  END  OF  INFORMATION  ON  E8TA8  FILE  ***' 
WRITE  (61»«)  •  I  SUGGEST  YOU  USE  A  DIFFERENT  COMMAND’ 

RETURN 

C  READ  IN  changes  TO  ESTABLISHMENT  NUMBERS 
C 

50  00  70  ICAT  a  1,NCATS 

READ  (11*60, ENOaOO)  INEST8 
60  F0RMAT(7I5) 

00  70  RANK  a  1*NRANKS 
INC  a  INESTB(RANK) 

ESTABL(RANK*ICAT)  a  ESTABL(RANK*ICAT)flNC 
ESTRNK(RANK)  a  ESTRNK(RANK)4lNC 
E8TCAT(ICAT)aeSTCAT(lCAT)+INC 
70  E3T0T  a  ESTOT+INC 
GO  TO  75 

C  READ  THE  RECRUITING  LIMIT  FOR  THE  YEAR 
C 

72  WR1TE(61**)  ’  *•*  ENO  OF  INFORMATION  ON  THE  SYSTEMS  FILE  *** 
WRITE(61**)  '  I  SUGGEST  YOU  USE  A  DIFFERENT  COMMAND’ 

RETURN 

75  REA0(13,76*EN0a72)(MAXREC(I),Ial,NCATS) 
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ALLCAT  MANPOMER  TARGETS  AS  A  FRACTION  OF  ESTABLISHMENT 
CALL  ALLCAT 

SET  UP  INITIALIZATION  FOR  THIS  YEAR 

CALL  ANS(lrlANSMER) 

NON  LOOK  AT  EACH  MAN  IN  TURN 
IF  (TOTAL. EQ.O)  GO  TO  ISO 
00  aO  RANK  a  l^NRANKS 
00  60  CATGRY  a  l.NCATS 
80  lNLMAN(RANK,CATGRY)aO 
LASTRKaOO 
LASTCTaO 

00  140  I  a  l.LASTRC 

GET  NEXT  MAN*S  RECORD 
CALL  INd) 

SAVE  OLD  ATTRIBUTE  VALUES 

lATOLOtUaTIMERA 

IAT0L0C2)aY0S 

IAT0L0(3)aRANK 

lAT0L0<4)aCATGRY 

IAT0L0(S}aeRANCH 

IAT0L0(6)aSIGCH 

FIND  FIRST  MAN  IN  EACH  RANK-CATEGORY  GROUP 

IF  (CATGRY.EQ.LASTCT.ANO.RANK.EQ.LASTRK)  go  to  90 

LASTRKaRANK 

LASTCTaCATGRY 

INLMANCRANK, CATGRY) al 

UPDATE  TIME  DEPENDENT  ATTRIBUTES 
90  CALL  ANS(2(IANSNER) 

CHECK  HHETHER  MAN  RETIRES 

THERE  IS  NO  SPECIFIC  TABLE  GOVERNING  RETIRING  CONDITIONS 
IT  IS  SUFFICIENTLY  ACCURATE  TO  SAY  THAT  WHEN  AN  OFFICER 
RUNS  OFF  THE  END  OF  THE  WASTAGE  TABLE  THEN  HE  RETIRES 

IF  (YOS.LE.40)  GO  TO  100 
SIGCHaO 

IRET (RANK) alPET (RANK) 

IEXlT(CATGRY)aIEXIT(CATCRY)^l 
60  TO  llO  270 
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C 

C  CHECK  WHETHER  MAN  HAS  WASTED  OUT 
100  CALL  ANSC3f lANSWER) 

IF  (lANSWER. EQ.l)  GO  TO  110 
C 

C  CALCULATE  ELIGIBILITY  FOR  PROMOTION  (tSUM  CANDIDATES  IN  RANKS  2-4) 
CALL  ANS(4«1ANSWER) 

GO  TO  120 
C 

C  HAN  LEAVES  THE  AIR  FORCE 

110  NOINRA(RANK)  a  NOINRA(RANK)  -1 

N0BRNE(RANKrCATGRY)aN0BRNECRANK«CAT6RY>-i 

TOTALaTOTAL-1 

120  IF  (SlGCH.NE.l)  WRITE  (66>i30)  lATOLO, tiMERA. Y08,RANK» CATGRY, 
-BRANCHfSlGCH 
130  F0RMAT(r21S) 

C  MAN  STILL  NEEDED  ON  FILE*  EVEN  IF  WASTED 
C  SO  WRITE  OUT  HIS  UPDATED  RECORD 
CALL  OUT(I) 

140  CONTINUE 
C 

C  CALL  ANS  TO  GO  THRU  THE  'PROMOTION  BOARD  SIMULATION* 

C  ON  RETURNf  ALL  PROMOTIONS  HAVE  BEEN  EFFECTED 

.  call  ANS(5# lANSWER) 

C 

C  INTRODUCE  ALL  THE  RECRUITS 

C 

150  CALL  ANSCbf lANSWER) 

C 

C 

C  RESET  total  NUMBER  OF  MEN  IN  THE  AIR  FORCE 
C  AND  DISPLAY  NUMBERS  OF  MEN  IN  EACH  RANK 
TOTAL  a  0 

DO  160  RANK  a  l.NRANKS 
160  TOTAL  a  TOTAL  *  NOINRA(RANK) 

C 

CALL  PRTOUT 
C 

WRITE  (66,170)  TIME 
170  FORMATC  END  OF  YEAR*,  15) 

RETURN 

END 

CCONTROL  BOUNDS, LOCATION 
CCONTROL  SE6MENTaSEG3 

SUBROUTINE  ANSCINOEX, lANSWER) 

C 

C  THIS  IS  THE  SUBROUTIKE  WHICH  HAS  THE  LOGIC  FOR 
C  UPDATING  TIME  DEPENDENT  ATTRIBUTES,  CHECKING  WHETHER 
C  AN  OFFICER  EXITS  THROUGH  RETIREMENT  OR  WASTAGE, 

C  IT  also  has  THE  CODE  TO  PROMOTE  OFFICERS  AND  INTRODUCE  RECRUITS. 
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NEW  RECRUITS  ARE  INTRODUCED  BY  CREATING  RECORDS  HAVING 
THE  ATTRIBUTE  VALUES  DICTATED  BY  CALLS  FROM  NEXTYE. 


COMMON  /MANC 
INTEGER 
COMMON  /BLANK 
INTEGER 

COMMON  /ESTABL 


INTEGER 


/  TIMERArYOS* RANK, CATGRY, BRANCH. SiGCH*LGBLTY 
TXMERA.YOS. RANK, CATGRY, BRANCH, SIGCH.LGBlTY 
/  TIME, TOTAL, NEXTLK.NOINRA (7), NOBRNE(7,aS) 
TIME, TOTAL 

/  ESTABL(7,25),ESTRNK(7),ESTCAT(2S),EST0T, 
TARGET(7,25),RNKT6T(7),ATS,INLMAN(7,2S), 
NCAN0S(3,2S) 

ESTABL, ESTRNK.ESTCAT^ESTOT, TARGET, RNKTGT« ATS 


* 

COMMON  /SYSTEM 


INTEGER 

COMMON  /RECRUT 
COMMON  /INOUT 
COMMON  /WASTE 
REAL 

COMMON  /NAMES 
CHARACTER*! 
COMMON  /COUNTS 


/  NRANKS,NCATS,LOOKiN,INITYE,iSCALE,WASFAC, 
NSRCHS,BRCHCT(2S), 
MINTIM(7,25),PR0TAB(3,2S), 
WASTAB(5,40),JPRINT,KPRINT 
BRCHCT 

/  IY0SRC(2S),MAXREC(2S),NUMREC(7,2S) 

/  10CORE(7,5000),LASTRC 
/  NEWAST 
NEWAST 

/  RANKNM(7),CATNAMC2S),BRCHNM(5),SI6NAM(S) 
RANKNM«6,  CATNAM*15,  BRCHNM*15,SI6NAM*!5 
/  IWAS(7),IRET(7),IREC(7),IPRO(7),IEXIT(25) 


LOGICAL  PROM 

INTEGER  SHRTQE(2S],T0TSHT 
CHARACTER*!  TABLYN 
DATA  TABLYN/'Y'/ 


XANSWERsO 

GO  TO  (!0,30,a0,50,60,2!0},  INDEX 
!0  WRITE  (66,20)  TIME 

20  FORMATC  SIGNIFICANT  CHANGES  FOR  YEAR  ',10) 

RETURN 

UPDATE  OFFICER*S  ATTRIBUTES  (UPDATE) 

30  TIMERAsTIMERAt! 

YOS»YOS+l 

SIGCH*! 

RETURN 

CHECK  FOR  OFFICER  WASTING  OUT 

AN  OFFICER  WILL  'WASTE  OUT  AS  A  FUNCTION  OF  HIS/HER 

YEARS  OF  SERVICE  AND  BRANCH 

PROBABILITY  OF  WASTING  «  WASTAB(9RANCH, YOS) 
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ao  IF(Y0S,6T.393  GO  TO  45 

IFCRANUCO.Of 1.0) .GT.WAaTAB(BRANCH#YOS)*MEHAST)  RETURN 
45  CONTINUE 
lANSWERsl 
SI6CHS4 

IEXIT(CATGRY)aIEXIT(CAT6RY)ti 
IWAS(RANK)sIMAS(RANK)^1 
RETURN 

calculate  0FFICER”S  eligibility  for  PROMOTION 

ELIGIBILITY  IS  EQUIVALENT  TO  THE  NUMBER  OF  TIMES  THE  OFFICER 
HAS  COME  UP  FOR  CONSIDERATION  BEFORE  THE  PROMOTIONS  BOARD. 
WHEN  HIS  TIME  IN  RANK  IS  EQUAL  TO  THE  MINIMUM,  THEN  IT”S 
HIS  FIRST  TIME  ANO  '*t6BLTY"«l, 

IF  HE^S  BEEN  ELIGIBLE  FOR  MORE  THAN  FIVE  YEARS,  SET  HiS 
ELIGIBILITY  GREATER  THAN  5. 

50  LGBLTYaTIMERA-MINTIM(RANK,CATGRY)  ♦! 
IF(LGBLTV.LT.0,aR.LGBLTY.6T,5)L6BLTY«7 
IF<LGBLTY.LT,1,0R.LGBLTV.GT,5)RETURN 
IF(RANK.LT.2.0R,RANK.GT.4)RETURN 
NCANOS(RANK-l,CATGRY)aNCANOS(RANK-i,CATGRY)+i 
RETURN 

PROMOTIONS! 

THIS  BIT  SIMULATES  THE  PROMOTION  BOARD. 

PARTICULARLY  FOR  THE  MIDDLE  RANKS,  IT  DIVIDES  THE  ELIGIBLE 
OFFICERS  INTO  ELIGIBILITY  "BINS",  DEPENDING  ON  TIME  IN  RANK 
ANO  MINIMUM  TIME  IN  RANK  (ONE  SET  OF  BINS  FOR  EACH  RANK* 
CATEGORY  GROUPING).  AS  EACH  BLOKE  FAILS  TO  GET  PROMOTED, 

HE  MOVES  INTO  THE  NEXT  HIGHER  BIN  FOR  THE  NEXT  YEAR.  WHEN 
HE  GETS  PAST  BIN  FIVE,  HE  IS  NO  LONGER  CONSIDERED, 

FOR  EACH  YEAR  ANO  FOR  EACH  RANK-CATEGORY  GROUPING, 

AN  ELIGIBLE  MAN  HAS  A  PROBABILITY  OF  BEING 
PROMQTEO  OF  ABOUT  70X  (DEPENDING  ON  THE  VALUES  IN  "PROTAB"). 
AVMs  OON”T  GET  PROMOTED. 

AIRCOREs  ANO  GPCAPTs  WILL  BE  PROMOTED  IF  THERE^S  A  VACANCY, 
FLGOFFi  GET  PROMOTED  AT  MINTIM  WHETHER  THERE^S  A  VACANCY 
OR  NOT. 

LOOK  FOR  FIRST  AIRCDRE 
60  DO  70  ICAT  a  1,NCATS 

IF  (INLMAN(6,ICAT),NC.O)  GO  TO  80 
70  CONTINUE 

AIRCDRE  AND  GPCAPT*  (RANKab  OR  5)  GET  PROMOTED  IF  THEY  ARE 
eligible  ANO  THERe"a-  A  VACANCY, 

80  MANbINLMAN(6,ICAT>*1 
90  MANaMAN  fl 
CALL  IN(MAN) 
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100  IF  (RANK.LT.S)  go  to  110 
C  IF  NOT  ELIGIBLE^  LOOK  AT  THE  NEXT  ONE. 

IF  (SIGCH.GE.4)  60  TO  90 
IF  (LGBLTY.LE.O)  go  to  90 
IF  (L6BLTV.6T.5)  GO  TO  90 
C  IF  NO  VACANCY*  60  TO  NCXJ  BLOKE. 

IF  (N0BRNE(RANKtlfCflT6RY).6E.TAR6ET(RANK«l»CAT6RY))  60  TO  90 
C  OK*  PROMOTE  HIM, 

CALL  PROMTM(MAN) 

60  TO  90 

NGCORE*  SQNLOR*  FLTLT  (RANK*4*3*2)  HAVE  TO  FIGHT  FOR 
PROMOTION. 

no  00  IBO  IRANK  a  4*2**t 
00  160  .ICAT  a  1*NCATS 
IF  (INLMAN(IRANK*ICAn.EQ.O)  60  TO  IBO 
IVACANT«TAR6CT(IRANK«l*lCAT)-N0BRNE(IRANK<l>i*iCAT) 
IF(IVACANT.LE.0)6O  TO  180 
ICANOcNCANOS(IRANK«l*ICAT) 

CANOsIC  ANO*PROTAB ( IRANK-1 * ICAT) 

ICANOaCANO 

IFCRANUCO.O*  1,0>,LT.  (CANO^ICANO) )  ICANOalCANOi*! 
IVACANTaMINCIVACANT* ICAND) 

PROBapROTABCIRANK*l*ICAT) 

C  SCAN  THRU  EACH  GROUP  TILL  THE  FIRST  ELIGIBLE  MAN  IS  FOUNG 

00  130  LOOKMAN  •  INLMAN(XRANK*ICAT)*T0TAL 
CALL  IN(LOOKMAN) 

'  IF  CCATGRY.NE.ICAT)  GO  TO  180 
IF  (SIGCH.6E.4)  60  TO  130 
IF  (LGBLTY.LE.O)  60  TO  130 
IF  (LGBLTY.6T.5)  60  TO  130 
60  TO  140 
130  CONTINUE 

C  RAN  OUT  OF  MEN17?a 

60  TO  180 

C  SCAN  THRU  ALL  THE  .MEN  IN  BINS  1  TO  5 

140  00  160  MAN  a  LOOKMAN*LASTRC 
IF  (IVACANT.LE.O)  60  TO  180 
CALL  IN(MAN) 

IF  (RANK.NE.IRANK)  GO  TO  160 
IF  (CATGRY.NE.ICAT)  60  TO  170 
IF  (SIGCH.6E.4)  GO  TO  160 
IF  (L6BLTY.6T.5)  60  TO  160 
IF  (LGBLTY.LE.O)  60  TO  160 
PROMa.FALSE. 

IF(RANU(0.0*1.0>.LE.PROB)PROMa,TRUE. 

IF (.NOT. PROM) GO  TO  160 
CALL  PROMTM(MAN) 

IVACANTaIVACANT-1 
160  CONTINUE  27A 
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17Q  tF(IVACANT.6T.O)60  TO  140 
180  CONTINUE 

FLGOFF  (RANKal)  HAVE  AUTOMATIC  PROMOTION  IF  THEY  HAVE 
MINIMUM  TIME  IN  RANK  FOR  THAT  CATEGORY, 

00  200  ICAT  9  l^NCATS 
MANlxINLMANCtdCAT) 

IF  (MANl.EQ.O)  GO  TO  200 
DO  190  MAN  a  'mANULASTRC 
CALL  IN(MAN) 

IF  (CAT6RV.NE.ICAT)  GO  TO  200 
IF  (SIGCH.GE.4)  GO  TO  190 
IF  (LGBLTY.LE.O)  GO  TO  190 
IF  (LGSLTY.GT.S)  GO  TO  190 
CALL  PROMTM(MAN) 

190  CONTINUE 
200  CONTINUE 
RETURN 

NON  INTRODUCE  RECRUITS 


SO  FAR  NE  HAVE  DONE  OUR  RETIRING#  HASTING,  PROMOTING 
AND  AGING  OF  OFFICERS. 

NE  HAVE  KEPT  TRACK  OF  NUMBERS  IN  N0BRNE(RANK,CATGRY) 

AND  NOINRA(RANK)  THROUGH  ALL  OF  THIS. 

ADD  RECRUITS  IN  THE  LOWEST  ALLOWABLE  RANK  IN  EACH 
CATEGORY  UP  TO  THE  LIMIT  OF  TARGET(RANK,CATGRY)  IN 
EACH  CASE. 

THE  NUMBER  OF  RECRUITS  HILL  NOT  EXCEED  lEXlf (CATGRY) 
WHICH  IS  THE  SUM  OF  WASTAGE  PLUS  ESTAB  INCREASES. 

THE  CASES  WHERE  RECRUITS  JOIN  AT-  FLTLT  INSTEAD  OF 
FLGOFF  OR  PLTOFF  ARE  SIGNALLED  BY  ZERO  VALUES 
FOR  MINTIM(lrCATGRY). 

INITIALIZE 
210  TIMERA90 
TOTSHTaO 
SIGCHa2 

PROCESS  THE  RECRUITS  ON  A  CATEGORY  BY  CATEGORY  BASIS 

NO  ACCOUNT  IS  TAKEN  OF  LIMITS  ON  NUMBERS  OF  RECRUITS 
BY  BRANCH,  (TRAINING  ACCOMMODATION  LIMIT) 

DO  260  CATGRY  a  l.NCATS 
BRANCHaSRCHCT (CATGRY) 

YOSalYOSRC(CATGRY) 

RANKal 

IF (MINTtM(RANK# CATGRY). EG. 0)RANKa2 
NRECSaO 
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8HRTGE(CATGRY)aO 
DO  220  XRANK  a  1,NRANKS 

220  NRECSaNREC8«TARGET(IRANK,CATGRY>-N0BRNECIRANK*CATGRY) 
LIMaMAXREC(CATGRY) 

ISHORTaNRECS-LlM 
IF  (I8H0RT,LE,0)  GO  TO  230 
SMRTGEtCATGRYJalSMORT 
NRECSaLXM 

T0TSHT»T0TSHT+X8H0RT 
230  IF  (NRECS.LE.O)  GO  TO  260 
NUMREC CRANK f CATGRY } aNRECS 
IREC(RANK)aXREC(RANK)fNRECa 

N08RNE(RANK#CATGRY)aN0BRNE(RANKrCATGRY)4>NRECS 

NOXNRA(RANK)aNOXNRA(RANK}«NREC8 

00  250  TT  s  IfNRECS 

T0TAL*T0TAL+1 

WRITE  (66»240)  TlMERA»Y08rRANK»CATGRY»BRANCH,'8IGCH 
240  F0RMAT(30X«6XS) 

LA8TRC«LA8TRC>1 
250  call  OUTCLASTRC) 

260  CONTINUE 

IF(T0T8HT.L£,0)RETURN 
270  WRITE  <6l«280) 

280  FORMATC//'  the  FOLLOWING  SHORTAGES  WERE  CAUSED  BY  RECRUITING  S 
* ’LIMITS') 

DO  300  ICAT  a  IfNCATS 
IF  (SHRTGE(ICAT),LE,0)  GO  TO  300 
«  WRITE  (61,290)  ICAT,CATNAM(ICAT),SHRTGE(ICAT) 

290  FORMATC  CATEGORY 13,  '  ,  ',Al5,.'  SHORT  BY ’,13) 

300  CONTINUE. 

WRITE  (61,310)  T0T8HT 

310  FORMATC lOX, ’TOTAL  SHORTAGE  WAS’, 14//) 

IFCTIME.NE.INITYE^DGO  TO  312 

WRITE- (61,311)  .  ,  . 

311  FORMAT!/’  IN  ORDER  TO  HELP  YOU  RE-ALLOCATE. THE. RECRUIT  SHORTAGES 
•  /’  I  CAN  PRINT  THE  COMPLETE  MANNING  AND  BSTA0L1SJJMENT  TABLE’ 

*/•  OR  I  CAN  SUPPRESS  IT  FOR  THE  REST  OF  THE  RUN,' 

*/•  DO  YOU  WANT  IT?  (Y/N)’/'  ?’) 

READ  (60,400)  TA8LYN 
400  FORMAT(Al) 

312  IF(TABLYN.EO.'Y')THEN 

JPRINT  a  61 
call  ESTABC 
JPRINT  a  KPRINT 
END  IF 

WRITE  (61,320) 

320  FORMAT!//'  HOW.  DO  YOU’  WANT  TO  REALLOCATE  THE  RECRUIT  SHORTAGES?' 
*/’  type  in  a  SERIES  OF  LINES,  EACH  LINE  CONTAINING  TWO  NUMBERS,’ 
*/•  A  CATEGORY  NUMBER  ANO  THE  NUMBER  OF  EXTRA  RECRUITS  TO  FORCE’ 
•/•  ON  THAT  CATEGORY,’/’  FINISH  WITH  TWO  ZEROS  IE  0  0.') 
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330  CAT6RY»0 
NRECSsO 

WRITE  •  ?• 

READ  (60»*}  CATGRY#NRECS 
lF(CAT6RY*nRECS«LE,0TRETURN 
IF  (NRECS.LE.TOTSHT)  GO  TO  340 

WRITE  '  THAT  MAS  TOO  MANY,  YOU*VE  ONLY  GOT* ,tOTSMf# ‘LEFT 

60  TO  330 

340  TOTSHTaTOTSHT-NRECS 
YOSalYOSRCCCATGRY) 

BRANCHaSRCHCTCCATGRY) 

RANKal 

ZF(MXNTlM(RANK,CAT6Ry>.EQ.0)RANKs2 

NUMREC(RANKrCATGRY)aNUMREC CRANK, CAT6RY)>NRECS 

lREC(RANK)8iREC(RANK)fNRECS 

N06RNE<RANKrC4T6RY)aN0BRNE(RANK»CAT6RYUNRECS 

N0INRA(RANK)9N0INRA(RANK)>NRECS 

00  350  IT  a  1,NRECS 

TOTALaTOTAL+l 

WRITE  (66#24Q)  TZMERAfYOS, RANK, CATGRY, branch, SIGCH 

LASTRCaLASTRCtI 

CALL  OUT(LASTRC) 

350  CONTINUE 

IF  (TOTSHT.GT.O)  60  TO  330 

RETURN 

END 

ccontrol  bounds 

CCONTROL  SEGMENTaSEG3 

SUBROUTINE  PROMTM(MAN) 

common  /MANC  /  TIMERA,yOS, RANK, CAT6RY, BRANCH, siGCH,LGBLTY 
integer  TIMERA,V0S,RANK,CAT6RY, branch, SI6CH,LG8LTY 

COMMON  /blank  /  TIME, total, NEKTLK,NOINRA(7),NOBRNE(7, 25) 
INTEGER  TIME, TOTAL 

COMMON  /COUNTS  /  IWA8<7) , IRETC7) , IRECC7) , IPR0C7) , IEXXT(2S) 

C 

C  OFFICER  HAS  BEEN  SET  UP  FOR  PROMOTION, 

C  PROMOTE  HIM,  00  THE  BOOK-KEEPING. 

N0INRA(RANK)3N0INRACRANK>-1 
N0BRNE(RANK,CATGRY)3N0BRNE(RANK,.CAT6Ry)-i 
RANKaRANKTt 

N0INRACRANK)3N0INRACRANK)>1 

N0BRNE(RANK,CAT6RY)sN06RNE(RANK,CAT6RY)tl 

LGBLTYaT 

TIMERAaO 

SIGCHS3 

IPRO(RANK)arPRO(RANK)Tl 
CALL  OUTCMAN) 

RETURN 

END 

CCONTROL  BOUNDS 
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CCONTROL  SEGMENT«SEG3 

SUBROUTINE  ALLCAT 
COMMON  /MANC 

Integer 

COMMON  /BLANK 
INTEGER 

COMMON  /E3TABL 


INTEGER 

COMMON  /SYSTEM 


INTEGER 
COMMON  /NAMES 

character*! 


TIMERA,YOS»  RANK«CATORY,  BRANCH.  SIGCHAGBLTY 
TIMERA.YOS.RANK.CATGRY. BRANCH. SIGCH.LGSLTY 
TIME.T0TAL>NEXTLK.N0INRA(7).N08RNE(7.25) 
TIME, TOTAL 

ESTA8L(7.25).ESTRNK(7).eSTCAT(25).E8T0T, 
TARGeT(7.25) .RNKTGT(7) . ATS. INLMAN(7,25) . 
NCANOS(3.29) 

ESTABL.ESTRNK.ESTCAT.ESTOT. TARGET. RNKT6T# ATS 

nranks.ncats.lookin.initye.zscale.wasfac 

NBRCHS.BRCHCTCaS). 

MINTIM(7.25).PROTAB(:3.25). 

MASTABIS.AO). JPRINT.KPRINT 
BRCHCT 

RANKNM(7).CATNAM(25).BRCHNM(5}.SIGNAM(S) 
RANKNM*6.  CATNAM*t5.  BRCHNM*t5. SIGNAM* 15 


INTEGER  S8TLFT.8I6R.BIGC.SMLR.8MLC 


THIS  ROUTINE  READS  THE  ! ALLONEO  TERMINAL  STRENGTH* 

AND  DIVIDES  IT  UP  AMONGST  THE  RANKS  AND  CATEGORIES 
TO  PRODUCE  THE  *TAR6ET'  FOR  EACH  COMBINATION. 

THE  DISTRIBUTION  IS  AS  A  PROPORTION  OF  ESTABLISHMENT 
strength  as  FOLLONSi 

GENERAL  DUTIES  BRANCHf  lOOX 
CATEGORIES  KITH  <  35  ESTABi*  lOOX 
GPCAPT  AND  HIGHER:*  lOOX 
WGCDRI-  96Z 
SONLORI-  92X  , 

THE  REMAINDER  IS  ALLOCATED  TO  UN-ALLOCATED  FLTLTs  AND  FLGOFFs 


THIS  PROCEDURE  INVOLVES. ROUNDING  OF  NUMBERS  AND  IS 
THEREFORE  NOT  GUARANTEED  COMPLETE' ACCURACY  1 
PROPORTIONS  HILL  NOT  NECESSARILY  ADO  UP  TO  THE 
REQUIRED  FIGURES  FOR  THE  96X  AND  92X  GROUPS  OR  THE  TOTALl 

ZERO  TARGET  AND  RANKTAR6ET 
MENLFT*0 

10  DO  20  RANK  «  l.NRANKS 
RNKTGT(RANK)sO 
DO  20  CAT6RY  >  l.NCATS 
20  TARGET(RANK.CATGRY)aO 
C 

C  READ  AUTHORISED  STRENGTH  FROM  ESTABLISHMENT  FILE 

WRITE  (61.*)  'WHAT  IS  THE  ATS  FOR TIME, '? ' 

READ  (60.*)  ATS 
C 

C  ALLCAT  lOOX  TO  GO  BRANCH  (CATEGORIES  1  AnO  2) 

DO  00  CATGRY  s  1,2 
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00  40  RANK  s  t«NRANKS 
MENsESTABLCRANKfCATGRY) 

TARGET<RANK,CATGRY)sMEN 
RNKT6T(RANK)aRNKTGT(RANK)<fMEN 
40  CONTINUE 
C 

C  NOtii  PROCESS  REMAINDER  IN  LOOP  TO  80 

DO  80  CATGRY  a  3,NCAT8 
IF  CESTCAT(CAT6RY),GEi38)  GO  TO  60 
C 

C  FIRST  THE  SMALL  CATEGORIES 

DO  50  RANK  a  1,NRANKS 
.  MENaESTA8L(RANKrCATGRY) 

TARGET (RANK, CATGRY) aMEN 
RNKTGT (RANK) aRNKTGT (RANK) fMEN 
SO  CONTINUE 
60  TO  80 

NOW  THE  BIG  CATEGORIES#  GOING  DOWN  TO  SQNlOR 
60  00  70  RANK  s  S#NRANKS 
MENaESTABL(RANK#CATGRY) 

TARGET(RANK,CATGRY)aMEN 
.  RNKTGT(RANK)aRNKTGT(RANK)+MEN 
70  CONTINUE 
C 

MENaESTA8L(4, CATGRY) *0, 96+0, 5 
TAR6ET(4#CATGRY)3MEN 
RNKTGT(4)3RNKTGT(4)+MEN 
C 

MCNaESTA8L(3#CATGRY) *0,92+0, 5 
TARGET(3#CAT6RY)aMEN 
RNKTGT(3)aRNKTGT(3)+MEN 
80  CONTINUE 
C 

C  .  FIND  OUT  HOW  MANY  MEN  LEFT  FOR  RANKS  I  AND  2 

MENLFTaATS 

C  SUBTRACT  ALL  MEN. ALREADY  ALLCATD 

00  90  RANK  3  1,NRANKS 
90  MENLFT3MENLFT-RNKTGT(RANK) 

C 

C  FIND  HOW  MANY  ESTABLISHMENT  POSITIONS  LEFT  FOR  THEM 

ESTLFTaO 

DO  100  RANK  3  1,2 
00  100  CATGRY  a  3#NCATS 
IF  (ESTCAT(CATGRY) ,LT,36)  GO  TO  100 
ESTLFT3ESTLFT+ESTAaL(RANK# CATGRY) 

100  CONTINUE 
C 

C  FIND  FRACTION  TO  APPORTION  TARGETS  TO  RANKS  1  AND  2 

FRCLFT*FL0AT(MENLFT)/FL0AT(ESTLFT) 
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SET  UP  FOR  ENO  AOJUSTHENT  (WHEREIN  WE  AOD  OR  SUBTRACT  ONE 
MAN  TO  ALLOW  FOR  THE  IMPERFECT  ALLOCATION',  THE  MAN  AOOEO 
OR  SUBTRACTEO  IS  IN  THE  RANK-CATEGORY  NEAREST  TO  BEING 
ROUNDED  UP  OR  DOWN  IN  THE  ORIGINAL  SHUFFLE). 

BI6FRC*0.0 
3MLFRC*1.0 
00  130  RANK  9  i;2 
DO  130  CATGRY  s  3«NCATS 
IF  (E8TCAT(CATGRY>.LT.36)  GO  TO. 130 
REAL«ESTABL(RANK, CATGRY) AFRCLFTfO. 5 
MENsREAL 

FRACRL9REAL-FL0AT(MCN) 

C 

C  FRACRL  IS  BETWEEN 

IF  (FRACRL. EQ.O.O)  GO  TO 
IF  (FRACRL.GT.SMLFRC)  GO 

smlfrc«fracrl 

SMLRaRANK 
SMLC«CATGRY 

no  IF  (FRACRL.lt. 8IGFRC)  GO 
BI6FRC9FRACRL 
BXGRsRANK 
BI6C«CAT6RY 

120  TAR6ET(RANK.CATCRY)3MEN 

RNKTGT (RANK )9RNKT6T (RANK) tMEN 
MENLFT*MENLFT-MEN 
'  130  CONTINUE 

IF  (MENLFT.EO.O)  RETURN 

WRITE  (61.*)  MENLFT.’MEN  LEFT  OVER  IN  INITIAL  ALLOCATlONt 
IF  (MENLFT.GT.O)  go  TO  UO 

WRITE  (61.*) 'TOOK  ONE  BACK  FROM  • .RANKNM(SMLR) .CATNAM(SMLC) 
TARGET(SMLR.8MLC)«TARGET(SNLR.SMLC)-1 
RNKTGT(SMLR)9RNKTGT(SMLR)-1 
MENLFTmMENLFT+I 
60  TO  150 

140  WRITE  (61.*)  'GAVE  ONE  MORE  TO  ' .RANKNM(BIGR) .CATNAMIBlGC) 

TARGET (8IGR.BIGC)9TARGET(8IGR.BI6C)41 
RNKr6T(8IGR)aRNKTGr(8IGR)tl 
MENLFT*MENLFT-1 
150  AT8»ATS-MeNLFT 

WRITE  (61.*)  MENLFT.'MEN  left  OVER  IN  FINAL  ALLOCATION' 
WRITE(61.*J  »  ATS  USEOa'.ATS 

return 

ENO 

CCONTROL  BOUNDS 
CCONTROL  SE6MeNTaSEG4 

SUBROUTINE  TABLAT 
C 

C  THIS  SUBROUTINE  PRODUCES  TABLATIONS  OF  NUMBERS  OF  OFFICERS 
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IN  THE  7  RANKS  HAVING  VARIOUS  VALUES  OF  THE  PERSONAL  ATTRIBUTES 
(I.E.  LENGTH  OF  SERVICE,  BRANCH,  TIME  IN  RANK,  ETC) 


COMMON  /MANC 
INTEGER 
COMMON  /blank 
INTEGER 
COMMON  /INOUT 
COMMON  /SYSTEM 


INTEGER 

COMMON  /TABULN 

common  /names 

CHARACTER*! 


/  T1MERA,Y0S, RANK, CATGRY, BRANCH, SIGCH,LGBLTY 
TlMERA,YOS, RANK, CAT6RY, branch, SIGCH.LGBLTY 
/  TIME, total, NEXTLK,N0INRA(7),N0BRNE(7, 25) 

time, total 

/  IOCORE(7,SOOO),LASTRC 
/  nranks,ncats,lookin, INXTYE, ISCAlE. WASFAC, 
NaRCHS,BRCHCTC25), 
MINTIM(7,25),PR0TAB(3,25). 
WASTAB(5,aO),JPRlNT,KPRlNT 

brchct 

/  MlNTA6(6),HAXtAB(6) 

/  RANKNM(7),CATNAM(25),BRCHNM(5),SX6NAM(S] 
RANKNM*6,  CATNAM*t5,  BRCHNM*1S,SI6NAM*1S 
INTEGER  TABLE(7,50),ATTR18(7),CHl0TH,8U8T0Tt7) 

EQUIVALENCE  C ATTRia,TXHERA) , ( VARNAM, BRCHNM) ,  - 
(VARNAM(t,2),SIGNAM) 

CHARACTER*1S  VARNAM(S,2) 

INTEGER  VARCON,HXCON 

CHARACTER*!  REP 
CHARACTER*28  VAR0SC(6) 

LOGICAL  HA8TIN 

data  VAROSC/'TIME  IN  RANK  (YEARS)* 

, ’LENGTH  OF  SERVICEtVEARS) » 

, ’CATEGORY' 

, ^BRANCH' 

, ’SIGNIFICANT  CHANGE  INDICATOR’ 

, ’ELIGIBILITY  FOR  PROMOTION’/ 

10  WRITE  (61,20) 

20. format  (’  TABLATE  ON  WHICH  VARIABLE  NUMBER?’, 

-  ’  -  ENTER  0  TO  HAVE  OPTIONS  DISPLAYED’/ 

-  ’  (ENTER  THE  NUMBER  -1  TO  LEAVE  THE  "TABLATE"  MODE)'/ 

-  ’  ?’) 

30  IVARs-l 

READ  (60,*)  IVAR 
IF  (IVAR.GT.O)  60  TO  50 
IFdVAR.EQ.-l)  RETURN 
WRITE  (61,40)  (1,VAR0SC(I),1s1,6) 

40  F0RMAT(6(I3,  ’  1  SAEB/)'  PLEASE  ENTER  YOUR  CHOICE'/’  ?’) 

GO  TO  30 

50  IF  (IVAR,6E.1.AN0.IVAR.LE.6)  GO  TO  60 
WRITE  (61,160) 

GO  TO  10 

60  M3  a  MINTABdVAR)-!  ' 

M2  a  MAXTABdVAR)-M3 
00  70  I  a  1,M2 
00  70  J  a  1,NRANKS 


M 

t 
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70  TABLE(J,X)  s  0 

IF  (TOTAL.GT.O)  GO  TO  100 
80  WRITE  (6lr90) 

90  FORMATC/'  NOTHING  TO  TABLATEIV) 

RETURN 
100  I1MINS99 
IlMAXsO 
TTVARa.T\/AR 

IF(IIVAR.GE.3)IIVARaIIVAR>l 
MASTlNa. FALSE. 

IVARCNaO 

110  write  (^1>120)  ... 

120  F0RMAT(»  is  the  TABLATION  to  be  confined  IN  ANY  WAY  (Y/N)?«/«  ?•) 
READ  (60# 130)  REP 
130  FQRMAT(AI) 

IF  (REP.EO.'N')  GO  TO  190 
IF  (REP.EO.'Y')  GO  TO  140 

WRITE  (61#*)  •  IF  YOU  CAN"!  ANSWER  YES  OR  NO,' 

WRITE  (61#*)  *  I  WOWT  LET  YOU  PLAY  MY  6AME1  » 

60  TO  no 

140  WRITE  (61,150) 

150  FORMATC  ENTER  VARIABLE  NUMBER  BY  WHICH  SUBSET  IS  CHOSEN'/'  ?•) 
READ  (60#*)  VARCON 

IF  (VARC0N,6E.1,AN0.VARC0N.LE.6)  60  TO  170 
WRITE  (61,160) 

160  FORMATC  SORRY#  YOU  MAY  ONLY- USE  VARIABLE  NUMBERS  1  THROUGH  6') 

GO  TO  140 

'  170  WRITE  (61,180)  VAROSC (VARCON) 

180  FORMATC  NOW  ENTER  PAIR  OF  VALUES  TO  BE  LOWER  AND  UPPER  LIMITS.'/ 
-'  TABLATION  IS  CONFINED  TO  THOSE  OFFICERS  HAVING  A  VALUE  OF'/ 
-1X.A28#'  falling  BEWEEN  THESE  LIMITS.'/'  7») 

READ  (60#*)  LOCON#HICON 
XVARCNaVARCON 

IF  (LOGON. GT.MICON)  GO  TO  170 
IF  (LOCON.LT.MINTABdVARCN))  GO  TO  170 
IF  CHICON.GT.MAXTABdVARCN))  60  TO  170 
IFdVARCN.GE.3)IVARCN8lVARCNtl 

THE  DATA  AREA  STILL  CONTAINS  INFO  ON  OFFICERS  WHO 
HAVE  WASTED  OR  RETIRED.  THE  ONLY  WAY  TO  ACCESS  THESE 
BLOKES  IS  TO  ACCESS  THEM  SPECIFICALLY#  USING  THE 
SIGNIFICANT  CHANGE  INDICATOR  VARIABLE. 

190  IF(IVARCN.E0,6.QR.IIVAR.EQ.6)WASTlNa.TRUE. 

DO  220  I  a  1#LASTRC 
call  IN(I) 

IF  CSIGCH.LT.O)  GO  TO  200 
IF  (.NOT.WASTIN)  60  TO  220 
200  IF  (REP.EQ.'N')  60  rO  210 

IF  (ATTRIB(IVARCN)  .GT.HICON.OR.ATTRIBdVARCN)  .LT.LOCON)  GO  TO  220 
210  IlaATTRlBdIVAR)  -  M3 
IF  (II.LE.O)  go  TO  220 
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IF  (I1.6T.M2)  60  TO  220 
TABLE(RANK/I1)  a  TABLE (RANK, 1 1 )  *  i 
IFdl.LT.IlMINIIlMINalt 
IFCIl.GT.IlMAXIIlMAXaH 
220  CONTINUE 

IF  (UMAX. EG. 0)  60  TO  60 
DO  230  18  IlMINiIlMAX 
DO  230  J  a  1,NRANKS 
230  TABLE(J,X)  a  TABLECJ,!)  *  13CALE 
CWIOTMa  I 

IF  (1VAR.GT,2.AN0.IVAR.NE. 6)  GO  TO  2S0 
WRITE  (61,240) 

240  FORMATC  PLEASE  ENTER  CLASS  WIDTH*/*  ?') 

READ  (60,*)  CWIQTH 

2S0  WRITE  (JPRINT,260)  VAROSC(IVAR) , TIME 

260  format  (/I ox, 'TABLE  OF  NUMBERS  OF  OFFICERS  BY  RANK*/ 

-  10X,'TABLATEO  BY  *,428/ 

-  10X,»FOR  THE  YEAR',16) 

1F(  IVAR,E0,6)  IVARal 

IF. (REP.EQ.'N*)  GO  TO  330 
WRITE  (JPRINT,270)  VARDSC(VARCON) 

270  FORMAT  (10X,*WITH  VALUES  OF  *,428) 
lF(VARC0N.EQ,6)VARC0Nal 
IF  (VARC0W3)  280,300,320 
260  WRITE  (JPRINT,290)  L0C0N,HIC0N 

290  FORMAT  (lOX, 'BEING  RESTRICTED  TO  THE  RANGE', 13,*  THROUGH*, 13)  , 

GO  TO  350 

300  WRITE  (JPRINT,310)  (CATNAM(I) , I*LOCON,HICON) 

310  FORMATdOX, ’BEING  RESTRICTED  TD  THE  FDLLOWINGl ' , / (  lOX,  A15)  ) 

60  TO  350 

320  WRITE  (JPRINT,310)  ( VARNAM(I, VARCON-3) , I«LOCON, HICON) 

GO  TO  350 

330  WRITE  (JPRINT,340) 

340  FORMAT  (10X,*F0R  ALL  OFFICERS  IN  THE  AIR  FORCE') 

350  IF  (IVAR.LE.2)  WRITE  (JPRINT,360)  (RANKNM( I ) , Xal , NRANKS) , '  TOTAL 
IF  (IVAR,GT,2)  WRITE  (JPRINT,370)  (RANKNM( I ) , lal , NRANKS) , '  TOTAL 
360  FORMATC  CLASS  ', 33X, • RANKS */ *  LIMITS' ,9X,8A7) 

370  FORMATC  ATTRIBUTE*, 33X, 'RANKS*/'  VALUES ', 9X, 8A7) 

WRITE  (JPRINT,380) 

380  F0RMAT(1X,71(IH-)) 

DO  385  lsl,7 
385  SUBT0T(I)30 

DO  430  I  a  l,nMAX,CWIOTH 
Haiti 

I28l*CWI0TH-l 

IF  (I2.LT,IIM1N)  GO'  TO  430 
IF(I2,GT,M2)  I2aM2 
IlPaItM3 
I2PSI2+M3 

ISTARTa(I-l)*NRANK3  tl 
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IF  (Z.EQ,M2)  GO  TO  400 
IF  (CMIOTH.EQ.l)  GO  TO  400 
DO  390  II  «  11,12 
00  390  J  8  IfNRANKS 
390  TABLE(J,I)8TA8LE(J,I)^TABLE(J,II) 

IF  (IVAR,LE,2)  write  (JPRINT,39S)  IIP, I2P, CTABLE ( J, 1) , Js J # NRANKS) 

*  IA00(TABLE,3S0,t8TART,NRANKS) 

395  FORMAT(I3r*  , I3,8X,8I7) 

GO  TO  415 

400  IF  (IVAR,LE.2)  write  (JPRINT,410)  IIP,  (TABLE(J,I),Jsl,NRANKS), 

*  IAOO(TABLE,350,ISTART,NRANkS) 

410  F0RMAT(I5,11X,8I7) 

415  IF  (1VAR.EQ.3)  WRITE  (JPRINT,420)  CATNAMC I ) , CTABLEC J, I ) , 
*J81,NRANKS) , IA00(TABUE,350, ISTART,NRANK8) 

IF  (IVAR,6T,3)  WRITE  (JPRINT,420)  VARNAM( I . ZVAR-3) , (TABLEC J, I) , Js 
•1 ,NRANK8) , lAOOCTABLE, 350, ISTART,NRANKS) 

420  F0RHAT(1X,A15,817) 

00  425  Jal,NRANK8 
425  SUBTOTCJlaSUBTOTCJltTABLECJ,!) 

430  CONTINUE 

WRITE  (JPRIMT,435)  (8U8T0T(I) , lal , NRANKS) , I AOOCSUBTOT, 7, 1 , 7) 

435  FORMAT  (5X, ‘TOTALS* ,5X, 817) 

WRITE  CJPRINT,440) 

440  FORMATC//) 

GO  TO  10 
ENO 

CCONTROL  BOUNDS 
GCONTROL  SEGMENT88EG4 

FUNCTION  lAOO  (ARRAY,N8XZE,LEMENT, NOELS) 

INTEGER  ARRAYCNSIZE) 

ISUMaO 

00  10  Jal, NOELS 
10  ISUM«ISUM<>ARRAY(LEMENTtJ«l) 
lADDalSUM 
RETURN 
END 

CCONTROL  8EGMENTSSE65 

SUBROUTINE  GETSYS 
C 

COMMON  /SYSN4MS/  8Y8NAM(t4) 

CHARACTER*10  SY8NAM 
C 

SYSNAM(  1)  a  'LOOKIN  • 

SY8NAM(  2)  a  'I8CALE  • 

SYSNAM(  3)  a  'NEWAST  * 

SYSNAMC  4)  a  IMINTIM  ♦ 

SYSNAMC  5)  a  ‘PROTAB  '  * 

SYSNAM(  6}  a  'WASTAB  • 

SYSNAMC  7)  a  'lYOSRC  * 

SYSNAMC  8)  a  »MAXREC  » 
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SYSNAMC  9)  s  ‘MINTAB  • 

SYSNAM(IO)  a  'MAXTAB  • 

SYSNAMdl)  ~  ’BRCHNM  i 

SYSNAM(12)  a  'CATNAM  » 

5YSNAM(13)  a  'RANKNM  * 

8YSNAM(ia)  a  'SIGNAM  » 

RETURN 

END 

CCONTROL  BOUNDS 
CCONTROL  SEGMENTaSEGb 

SUBROUTINE  ESTABC 

COMMON  /BLANK  /  TIME, TOTAL# NEXTLK, NfllNRA (7) ,N0BRNE t7,25) 

INTEGER  TIME, total 

COMMON  /ESTABL  /  ESTA8L(7»25) ,ESTRNK(7) ,ESTCATt25) /ESTOT, 

-  TARGET<7»25) »RNKTGT(7) »  ATS, INLMAN(7,25) , 

-  NCAN0S(3,2S) 

INTEGER  ESTABL,ESTRNK,ESTCAT, ESTOT, TARGET,RNKTCT, ATS 

* 

COMMON  /SYSTEM  /  NRANKS,NCATS,LOOKIN, INITYE, ISCAlE, WASFAC#  . 

-  NBRCHS,BRCHCT(25),  .  . 

-  MINTIM(7#25)»PR0TA8(3#25), 

•  WASTAB(5#40),JPRINT,KPRINT 

INTEGER  0RCHCT 

COMMON  /NAMES  /  RANKNM(7) »CATNAM(2S) ,8RCHNM(5) »SI6NAM(5) 
character*!  RANKNM*6r  CATNAM*15,  BRCHNM*15#8IGNAM*IS 

CHARACTER*!  REPLY 

INTEGER  ET0T(25),TT0T(25),BT0T(25),RANK,CAT 
integer  E3TLIN(8),ACTLIN(8),TARLIN(8) 

C 

WRITE  CJPRINT,!0J  TIME 

!0  FORMAT  (35X,  ►STRENGTH  AND  ESTABLISHMENT  LEVELS » /3ax» • FOR  ALL  C 
*ATEG0RIE3  IN  THE  AIR  FORCE* /«! X, ' FOR  THE  YEAR*,l6/) 

DO  2g  CAT  a  !,NCATS 

ETOT(CAT)«0 

TTOT(CAT)»0 

BTOT(CAT)aO 

DO  20  RANK  a  !,NRANKS 

ET0T(CAT)aET0T<CAT)+ESTA8LCRANK,CAT) 

TTOT(CAT)aTTOT(CAT)*TARGET(RANK,CAT) 

20  BTOT(CAT)aBTOT(CAT)+NO0RNE(RANK,CAT) 

WRITE  (JPRINT,21)  (RANKNMt I) , lal ,NRANKS) 

2!  FORMAT(/<IX,  •  CATEGORY ',  1 1  X,5(aX,  A6) ,  3X,  A6,  OX,  A6, 5X,  '  TOTALS ' ) 

00  30  Ja!,NCATS 
IF(J.EQ,!)GO  TO  20 

IF(8RCHCT(J),EQ,0RCHCT(J*!))GO  TO  27 
DO  !5  I  a  1,NRANKS  ' 

ESTLIN(NRANKS+!)  a  ESTLIN(NRANKSt 1 )  ♦  ESTLINCI) 

TARLINCNRANKS+!)  a  TARLIN(NRANKS^! )  ♦  TARLINd) 

AC7LIN(NRANKStl)  *  ACTLIN(NRANKS^l)  ♦  ACTLIN(I) 

!5  CONTINUE 
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WRITE  CJPRINT,*)  '  ' 

WR1TE(JPRINT,22) 

22  F0RMAT(1X,103<*-')) 

WRITE  (JPRINT,32)  8RCHNM(BRCHCT( J-1 ) ) » (ESTtlNC I ) « ACTLINC I ) 
*»lBl,NRANK3tl), (TARLIN(I)>ACTLlN(I)«TARLIN(I),Isi,NRANKStl) 

WRITE  (JPRINT,22) 

29  DO  26  IsUNRANKS^l 
E8TLIN(I)«0 
ACTLXN(I)«0 

26  TARLINCI)«0 

27  DO  28  lalfNRANKS 
E8TLlN(nBESTLlN(l)>ESTA8L(I*J) 

ACTLXN(I)sACTLIM(X)>MOBRNE(I«J} 

28  TARLlN(I)sTARLlN(I)<».TARGErcI»J) 

WRITE  (JPRINT,*)  '  •  . 

30  WRITE  (JPRINT«32)  CATNAM(  J)  ,  (ESTABLt  I  r  <J)  r  NOBRNE  ( I »  J)  •  1*1  »MRANKS) 
*ET0T(J),BT0T(J)#CTARGETCI»J),N08RNE(l»J)-TARGET(I,J).I*l,NRANKS) 
*#TT0T(J),8T0TtJ)-TT0T(J) 

32  FORMATdXiAlS,'  EST/ACT*  #  I5*/»  3(19,  15' /*  )  »  * 
*2(I3,I6'/')»2(I2iI7'/»)»I9/  . 

*  16X, »TARG/8AL',1S»/*3(I9,I5'/*)#2(I3,I6*/»),2(I2»I7'/*)»I9) 

DO  35  I  •  UNRANKS 

E5TLIN(NRANK3<M)  »  ESTLlN(MRANK3tl)  *  ESTLINd) 

ACTLIN(NRANKS^I)  a  ACTLlN(NRAMK8t  1)  ♦  ACTLINd) 

TARLIN(NRANKS  +  1)  a  TARLlN(NRANK8+l )  ♦  TARLINd) 

35  CONTINUE 

WRITE  (JPRINT,22)  .  . 

'  WRITE  (JPRINT,32)  8RCHNM(NBRCMS)  ,  (ESTLINd)  ,  ACTLINd) 

*,Ial,NRANKSfl),  (TARLINd),ACTLINd)-TARLINd),lxi,NRANKS«l)  . 
WRITE  (JPRINT,22) 

WRITE  (JPRINT,*)  '  ' 

WRITE  (JPRINT, 90)  (ESTRNKd)  ,NOINRA(I)  ,  1*1  ,NRANK8)  ,E3T0T, 

•  TOTAL,  (RNKTGTd),NOINRAd)«RNKTGT(I),I*I»NRAMKS),ATS,TOTAL-ATS 
90  F0RMAT(6X, 'TOTALS  EST/ACT* f 15 • / '3(19, 15* /' ) » 

*2(I3,I6'/'),2d2»I7'/'),  ...  . 

•I9/16X, *TARC/BAL',I5»/'3(I9,I5'/').2(I3,I6'/'),2(I2,I7'/')»I9) 
WRITE(JPR1NT,*)  '  • 

WRITE(JPRINT,22) 

WRITE(JPRINT,*)  '  • 

RETURN 

END 

C 

C  THIS  IS  THE  subroutine  THAT  ADOS  THE  COSTSt 
SUBROUTINE  COSTS 
C  DECLARE  VARIABLES! 

COMMON  /MANC  /  TIMERA, YOS, RANK , CAT6RY, BRANCH, 

-  8IGC'H,LG3LTY 

COMMON/BLANK  /  TIME, total, NOINRA(7),NOBRNE(7, 25) 

INTEGER  time, TOTAL 

INTEGER  TIMERA, YOS, RANK, CATGRY, BRANCH, 
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-  31GCH,LC8LTY 

COMMON  /SYSTEM  /  NRANKS»NCAT3»LOOKIN, INITYE# ISCALE, 

-  NASFAC,NSRCHS,8RCHCT(25)» 

-  M1NTIM(7»25),PR0TA8(3»25), 

-  WA3TAa(5»40),JPRlNT,KPRINT  ' 

INTEGER  8RCHCT 

common  /INOUT  /  IOCORE(7#SOOO),LA8TRC 

COMMON  /NAMES  /  RANKNM(7) #CATNAM(25) »8RCHNMC5) » 

-  SI6NAM(S) 

CHARACTER*!  RANKNM*6>CATNAM*15f BRCHNM*t5f 

-  8IGNAM*1S«RAAFNM*15 

XNTEGER*6  aAV.ARY(3*7»6)fCTC08T(2S.12), 

-  aRC0STC5>12)#RFC0ST(12) 

INTEGER*6  TABLE 

C 

C  ZERO  THE  COST  ARRAYSt 
DO  60  I  s  1,NCATS 
00  65  J  a  1/12 

CTCOSTCI/J)«0 
IF  (I.EQ.l)  RFCOST(J)  a  0 
IF  (I.LE.NBRCHS)  BRCOST(I/J)  •  0 
65  CONTINUE 

60  CONTINUE 

RAAFNM  a  *  RAAF  TOTAL  ’ 

C 

C  READ  IN  THE  CATGRY  TRAINING  COSTS; 

REWIND  14 
00  40  I  a  1,NCATS 
READ  (14/*)  J/K 

IF  (J.NE.I)  stop  »  CATEGORY  FILE  IS  INCORRECT* 
CTC0ST(J,11)  a  K 
40  CONTINUE 

C 

C  READ  IN  THE  SALARY  TABLES; 

00  50  la  1,3 
00  53  J  a  1,NRANKS 
00  55  K  a  1^6 

.REA0(14,*)  SALARY(I/J,K) 

55  CONTINUE 

53  CONTINUE 

SO  CONTINUE 

C 

C  REAO  IN  AND  COMPUTE  THE  TRAINING,  CATGRY,  BRANCH  &  RAAF  COSTS 
C 

00  70  I  a  1,LASTRC 

SI6CH  a  I0C0REt6/I) 

TABl  E  a  2 

TIMERA  s  I0C0RE(1/I)  *1 
RANK  a  I0C0RE(3/I) 

CATGRY  a  I0C0RE(a,I) 
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BRANCH  «  X0C0RE(5#I) 

IF  (CAT6RY.LE,2)  TABLE  s  i 
IF  (CATGRY.EQ.19.0R.CAT6RY.EQ.20) 

-  T,A8LE  «  3 

IF  (TIMERA.GT.6)  TXMERA  s  6 
XF(SX6CH,NE,2)  GO  TO  75  . 

CTC08T(CATGRY,9)  *  CTC03T(CATCRYr9)  ♦  CTC08T CCATGRY, 1 1 ) 
BRC08T(BRANCH,9)  «  BRCOSTCBRANCH# 9)  ♦  CTCOST(CATGRY, I I ) 
RFC08TC9)  a  RFC0ST(9)  ♦  CTC0ST(CAT6RY, 1 1) 

75  CONTINUE 

CTCOSTCCATGRYfRANK)  »  CTC08T (CATCRY, RANK) 

«  ‘  ♦  8ALARY(TA8LE#RANKrTXMERA) 

BRC08T(BRANCHrRANK)  a  BRCOST(BRANCHrRANK) 

«  ♦  8ALARY(TABLE«RANK, TXMERA) 

RFCOSTCRANK)  a  RFCOST(RAMK) 

«  *  8ALARY(TA8LE»RANK, TXMERA) 

70  CONTINUE 

C 

C  COMPUTE  THE  TOTALS* 

00  90  I  a  1,NCAT8 

00  100  J  a  unranks 

CTC08TCX#8)  a  CTC03TCX»8)  ♦  CTCOSTCXrJ) 

100  CONTINUE 

CTC08TCX#10)  a  CTC0ST(I,8)  ♦  CTC08T(X,9) 

90  continue 

C 

00  110  X  a  UNBRCHS 

'  00  120  J  a  unranks 

BRCOSTCUS).  a  BRCOSTCUS)  ♦  BRCOSTCIf  J) 

120  CONTINUE  .  . 

BRCOST(UIQ)  •  BRCOSTCUS)  t  BRC0ST(I.9) 

110  CONTINUE 

c  / 

00  130  J  a  UNRANKS  ' 

RFC0STC8)  a  RFCOSTCS)  ♦  RFCOST(J) 

130  CONTINUE 

RFCOSTCIO)  a  RFCOSTCS)  ♦  RFC0STC9) 

C 

C  PRINT  THE  COST  TABLES  AND  RETURN 
C  FORMAT  STATEMENTS 

5000  FORMATC*  RAAF  OFFICER  CORPS  COST  TABLE  FOR  THE  YEAR  UI6/) 
510  FORMATC*  CATEGORY  COSTS*’/) 

520  FORMATC’  BRANCH  COSTS*’/) 

530  FORMATC’  RAAF  COSTS*’/) 

SaO  FORMATC  *  *  FLGOFF-  *  FLTLT  *•» 

SQNLOR  *  WGCOR  *  GPCAPT  t  AIRCOR  *’» 

-•  AVM+  *  SUBTOTAL'  *  TRAINING  *  TOTAL  *') 

550  FORMATC’  '»126C*’)) 

560  FORMATC  '»126C-’)) 

570  FORMATC*  *  U  Al5»  ’  *  ' »  19,  ’  *  ’  »  19,  '  «  *  »  19#  '  *  ’ » I9C  *  ’ » 
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page  «  32 


19, 'IS 


}Mt2,' 


M12,’ 


I') 


112, » 

580  FORMATC  »/) 

C 

C  WRITE  THE  HEAOERI 

WRITE(JPRINT,5S0) 

WRITE(JPRINT,5000)  TIME 

C  WRITE  THE  CATEGORY  COST  TABLE* 

WR1TE(JPRINT,510) 

WRITE(JPRINT,560) 

WRITE(JPRINT,SOO) 

WRITE(JPRINT,S60) 

00  lao  I  «  1,NCATS 

WRITE! JPRINT, 570)  CATHAMC I) ,CTCOST( I , 1 ) , CtCOST ( I, 2) • 

-  CTCOST(I,3),CTCOST(I,fl),CTCOST(I,5), 

CTC0ST(I,6),CTC0ST(1,7),CTC0ST(I,8), 

•  CTCOSTCI,9),CTCOST(l,tO) 

WRITE(JPRINT,560) 

140  CONTINUE 

C  WRITE  THE  BRANCH  COST  TABLE* 

WRITE(JPRINT,580) 

WRITE(JPRINT,520) 

WR1TE(JPRINT,560) 

WR1T£(JPRINT,5«0D 
.  WRITE(JPRINT,580) 

00  ISO  I  «  1,N8RCHS  . 

WRITE(JPRINT,570)  8RCHNM(I),BRCQST(I,1),BRC0ST(I,2), 

-  BRC0ST(I,3),8RC0ST!l,4),BRC0ST(I,5), 

BRC08T(I,6),BRC0ST(I,7),BRC0ST(I,8), 

-  BRC0ST(I,9),BRC0ST<X,10) 

WRITE<JPRINT,S60) 

ISO  CONTINUE 

C  WRITE  THE  RAAF  COST  TABLE* 

WRITE(JPRINT^5aO) 

WRITE<JPRINT^530) 

WRITE(JPRINT»560) 

WRITE(JPRINT,540) 

WRITE<JPRINT,560) 

WRITECJPRINT,S70)  RAAFNM, RFCOST ( 1 ) , 
RFC0STC2),RFC0ST(3), 
RFC08T(a),RFC0ST(5), 
RFC0ST(6),RFC0STC7), 
RFCOST(8),RFCOST(9), 

RFCOST(IO) 

WRITE(JPRINT,S60) 

WRITE(JPRINT,580) 

WRITE(JPRINT,550)  ' 

RETURN 
END 


289 


COST  DATA. 
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W  lAOOOO,  (CATEG0RY»TRA1N1NG  COSTS) 
2,  85000* 

3*  SOOOO* 

4*  SOOOO* 

5*  45000* 

6*  40000* 

7*  42000* 

8*  6000* 

9*  25000* 

to*  6000* 

11*  25000* 

12*  650Q0* 

13*  7000* 

14*  12000* 

IS*  18000* 

16*  7000* 

17*  6500* 

18*  7000* 

19*  60000* 

20*  48000* 

21*  5000* 

22*  27000* 

23*  22000* 

'24*  8000* 

25*  7000* 


22345* 

23045* 

23045* 

23045* 

23045* 

23045* 

26415* 

27265* 

28115* 

28965* 

29815* 

31115* 

32615* 

33515* 

34415* 

34415* 

34415* 

34415* 

36410* 

37140* 

37140* 

37140* 

37140* 

37140* 


(GO  FLGOFFS-I  SENIORITY  1«6) 


CFLTLTS) 


(SQNLORS) 


(WGCORS) 
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COST  DATA, 


page  a 


a0565»  (GPCAT3) 
a0565f 

aosbs* 

00565# 

00565# 

00565# 

05000#  (AIRCRES) 

05C0O# 

05000# 

05000# 

05000# 

05000# 

52000#  (AVM-^S) 

52000# 

52000# 

52000# 

52000# 

52000# 

t9700»  (NON  GO#  MEO  FLGOFF-S) 
20000# 

20000# 

20000#  . 

20000# 

20000# 

23250# (FLTLTS) 

20100# 

•20950# 

25800# 

26650# 

27500# 

29000#  (SQNLORSl 
29900# 

30800# 

30800# 

30800# 

30800# 

33300#  (WGCORS) 

30300# 

30300# 

30300# 

30300# 

30300# 

38500#  (GPCAPTS) 

38500# 

38500# 

38500# 

38500# 

38500# 

05000#  (AIRCORES) 
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COST  DATA 


page  a 


asooo 

flSOOO 

asooo 

asooo 

asooo 

52000 

52000 

52000 

52000 

52000 

52000 


(AVM+3) 


19700, 

20400, 

20400, 

20400, 

20400, 

20400, 

25200, 

26100, 

26950, 

27800, 

28650, 

29500, 

32000, 

32900, 

32800, 

32800, 

32800, 

32800, 

37300, 

38300, 

38300, 

38300, 

38300, 

38300, 

43500, 

43500 

43500 

43500 

43500 

43500 

50000 

51000 

51000 

51000 

51000 

51000 

58000 

58000 


(DENTISTS  i  DOCTORS  FLGOFF-S) 


(FLTLTS) 


(SQNLDRS) 


(NGCORS) 


(GPCAPTS) 


(AIRCDRES) 


(AVMS) 


COST  DATA. 


page  #  tt 


58000* 

58000* 

58000* 

58000 

00 

17 
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ESTABLISHMENT  DATA, 
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297195148114 

41 

16 

7 

818 

IPILOT 

145108 

57 

53 

18 

4 

2 

389 

1NAVI6AT0R 

58104 

95 

45 

11 

2 

1 

316 

2AER0NAUTICAL 

73 

95 

96 

43 

11 

4 

0 

322 

2RAOIO 

24 

25 

24 

10 

2 

1 

0 

86 

2ARMAMENT 

25 

35 

23 

8 

1 

0 

0 

92 

2INSTRUMENT 

17 

29 

8 

a 

1 

0 

0 

59 

2ELECTRICAL 

104186153 

59 

15 

2 

1 

529 

3EQUIPMENT 

4 

12 

11 

7 

2 

1 

■  0 

37 

3MQRKS 

80137 

89 

35 

3 

0 

0 

343 

4A0MINISTRATIVE 

188 

74 

26 

3 

0 

0 

0 
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4AIR  TRAFFIC 

31 

21 

9 

5 

0 

0 

0 

66 

4AIR  DEFENCE 

12 

35 

20 

3 

0 

0 

0 

70 

4INTELLI6ENCE 

36 

45 

31 

11 

2 

0 

0 

125 

4EOUCAT1DN 

22 

10 

8 

2 

0 

0 

0 

42 

46R0UN0  DEFENCE 

4 

5 

4 

1 

0 

0 

0 

14 

4PH0T06RAPHIC 

3 

9 

10 

2 

0 

0 

0 

24 

4P0LICE 

0 

2 

4 

3 

1 

0 

0 

10 

4LE6AL 

2 

30 

32 

11 

5 

1 

1 

82 

5DOCTDR 

1 

33 

12 

4 

1 

0 

0 

51 

50ENTIST 

61 

33 

11 

3 

1 

0 

0 

109 

5NURSE 

6 

2 

4 

1 

0 

0 

0 

13 

5PHARMACEUTICAL 

5 

1 

.0 

0 

0 

0 

0 

6 

SRAOIOGRAPHER 

6110000  6  5LA80RAT0RY 

4  2  0  1  0  0  0  7  5HYGIENE 

321  1000  PILOT  YEAR401 

2111000  NAVIGATOR 
11-10000  AERONAUTICAL 
11-10000  RADIO 

10-10000  armament 

10-10000  INSTRUMENT 
10-10000  ELECTRICAL 
321  1000  equipment 

0000000  MORKS 

2110000  administrative 

2  1  0  0  0  0  0  AIR  TRAFFIC 

2  1  0  0  0  0  0  AIR  DEFENCE 

1100000  INTELLIGENCE 
0210000  EDUCATION 
0000000  GROUND  DEFENCE 
0000000  PHOTOGRAPHIC 
0  0  0  00  0  0  POLICE 

0010000  legal 

0010000  DOCTOR 
0010000  DENTIST 
2  I  0  0  0'  0  0  NURSE 

0  0  0  0  0  '  0  0  pharmaceutical 

0000000  radiographer 
0000000  laboratory 
0000000  HYGIENE 


establishment  data 

• 

page  U 

1 

1 

1 

1 

1 

0 

0 

PILOT 

YEAR402 

1 

1 

1 

1 

0 

0 

0 

NAVIGATOR 

2 

1 

-1 

•1 

0 

0 

0 

aeronautical 

1 

1 

-1 

-1 

0 

0 

0 

RADIO 

1 

0 

-1 

0 

0 

0 

0 

ARMAMENT 

1 

0 

-1 

0 

0 

0 

0 

instrument 

•  - 

0 

0 

-1 

0 

0 

0 

0 

ELECTRICAL 

5 

10 

2 

1 

0 

0 

0 

equipment 

0 

0 

1 

0 

0 

0 

0 

WORKS 

4 

2 

1 

t 

0 

0 

0 

administrative 

2 

2 

1 

0 

0 

0 

0 

AIR  traffic 

2 

2 

1 

0 

0 

0 

0 

air  defence 

0 

1 

0 

0 

0 

0 

0 

INTELLIGENCE 

0 

4 

1 

0 

0 

0 

0 

EDUCATION 

0 

1 

0 

0 

0 

0 

0 

GROUND  DEFENCE 

0 

1 

0 

0 

0 

0 

0 

PHOTOGRAPHIC 

0 

1 

0 

0 

0 

0 

0 

POLICE 

0 

0 

0 

0 

0 

0 

0 

legal 

0 

1 

1 

0 

0 

0 

0 

DOCTOR 

0 

1 

0  . 

0 

0 

0 

0 

DENTIST 

2 

0 

0 

0 

0 

0 

0 

NURSE 

0 

0 

0 

0 

0 

0 

0 

PHARMACEUTICAL 

0 

.  0 

0 

0 

0 

0 

0 

RADIOGRAPHER 

4 

0 

1 

0 

0 

0 

0 

LABORATORY 

0 

0 

1 

-1 

0 

0 

0 

HYGIENE 

-s 

-2 

-1 

0 

0 

0 

0 

PILOT 

YEAR403 

•2 

-1 

0 

0 

0 

0 

0 

NAVIGATOR 

2 

-1 

-3 

0 

0 

0 

0 

AERONAUTICAL 

2 

-1 

-3 

0 

0 

0 

0 

RADIO 

0 

0 

-1 

0 

0 

0 

0 

armament 

0 

0 

0 

0 

0 

0 

0 

INSTRUMENT 

0 

0 

0 

0 

0 

0 

0 

electrical 

3 

2 

1 

1 

0 

0 

0 

EQUIPMENT 

<0 

0 

0 

0 

0 

0 

0 

WORKS 

J 

0 

0 

0 

0 

0 

0 

ADMINISTRATIVE 

0 

0 

0 

0 

0 

0 

0 

AIR  TRAFFIC 

0 

0 

0 

0 

0 

0 

0 

AIR  DEFENCE 

0 

1 

0 

0 

0 

0 

0 

INTELLIGENCE 

0 

4 

0 

0 

0 

0 

0 

EDUCATION 

0 

1 

0 

0 

0 

0 

0 

GROUND  DEFENCE 

0 

1 

0 

0 

0 

0 

0 

PHOTOGRAPHIC 

0 

0 

0 

0 

0 

0 

0 

POLICE 

0 

0 

0 

0 

0 

0 

0 

legal 

0 

0 

0 

0 

0 

0 

0 

DOCTOR 

0 

0 

0 

0 

0 

0 

0 

DENTIST 

0 

0 

0 

0 

0 

0 

0 

NURSE 

0 

0 

0 

0. 

0  • 

0 

0 

pharmaceutical 

0 

1 

0 

0 

0 

0 

0 

radiographer 

0 

0 

0 

0 

0 

0 

0 

LABORATORY 

0 

0 

0 

0 

0 

0 

HYGIENE 
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-5 

-s 

-3 

•  1 

0 

0 

0 

PILOT 

YEAR404 

2 

4 

1 

0 

0 

0 

0 

NAVIGATOR 

0 

4 

-6 

0 

0 

0 

0 

AERONAUTICAL 

0 

4 

-5 

0 

0 

0 

0 

RADIO 

0 

2 

-2 

0 

0 

0 

0 

armament 

0 

2 

-2 

0 

0 

0 

0 

INSTRUMENT 

0 

1 

-1 

Q 

0 

0 

0 

ELECTRICAL 

4 

3 

3 

.1 

0 

0 

0 

equipment 

0 

0 

0 

0 

0 

0 

0 

MORKS 

-2 

2 

1 

1 

0 

0 

0 

ADMINISTRATIVE 

0 

0 

-1 

0 

0 

0 

0 

AIR  TRAFFIC 

0 

0 

0 

0 

0 

0 

0 

AIR  DEFENCE 

0 

0 

0 

0 

0 

0 

0 

INTELLIGENCE 

0 

2 

0 

0 

0 

0 

0 

EDUCATION 

0 

0 

0 

0 

0 

0 

0 

GROUND  DEFENCE 

0 

1 

0 

0 

0 

0 

0 

PHOTOGRAPHIC 

0 

0 

0 

0 

0 

0 

0 

POLICE 

0 

0 

0 

0 

0 

0 

0 

legal 

0 

0 

0 

0 

0 

0 

•0 

DOCTOR 

0 

0 

0 

0 

0 

0 

0 

DENTIST 

0 

0 

0 

0 

0 

0 

0 

NURSE 

0 

0 

0 

0 

0 

0 

0 

pharmaceutical 

0 

.  0 

0 

0 

0 

0 

0 

RADIOGRAPHER 

0 

0 

0 

0 

0 

0 

0 

laboratorv 

0 

0 

0 

0 

0 

0 

0 

HYGIENE 

-5 

•  4 

•2 

•1 

1 

1 

0 

PILOT 

YEAR40S 

0 

0 

0 

0 

0 

1 

0 

NAVIGATOR 

2 

-4 

-2 

-1 

0 

0 

0 

AERONAUTICAL 

2 

-3 

-2 

-1 

0 

0 

0 

RADIO 

1 

-1 

-1 

0 

0 

0 

0 

ARMAMENT 

1 

-1 

-1 

0 

0 

0 

0 

INSTRUMENT 

1 

-1 

0 

0 

0 

•0 

0 

ELECTRICAL 

4 

2 

1 

0 

0 

0 

0 

EQUIPMENT 

0 

0 

0 

0 

0 

0 

0 

NORMS 

i 

2 

0 

0 

0 

0 

0 

ADMINISTRATIVE 

0 

0 

0 

0 

0 

0 

0 

AIR  TRAFFIC 

0 

0 

0 

0 

0 

0 

0 

AIR  DEFENCE 

- 

0 

0 

0 

0 

0 

0 

•0 

INTELLIGENCE 

0 

•2 

0 

0 

0 

0 

0 

EDUCATION 

0 

0 

0 

0 

0 

0 

0 

GROUND  DEFENCE 

0 

0 

0 

0 

0 

0 

0 

PHOTOGRAPHIC 

0 

0 

0 

0 

0 

0 

0 

POLICE 

0 

0 

0 

0 

0 

0 

0 

legal 

0 

0 

0 

0 

0 

0 

0 

DOCTOR 

0 

0 

0 

0 

0 

0 

0 

DENTIST 

0 

0 

0 

0 

0' 

0 

0 

NURSE 

0 

0 

0 

0 

0 

■  0 

0 

pharmaceutical 

0 

0 

0 

0 

0 

0 

0 

RADIOGRAPHER 

0 

0 

0 

0 

0 

0 

0 

LABORATORY 

0 

0 

0 

0 

0 

0 

0 

HYGIENE 
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establishment  data 
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0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0.0  0  0  0  0 
0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0.  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 


0  PILOT  YEARP06 

0  NAVIGATOR 
0  AERONAUTICAL 
0  RADIO 
0  armament 
0  INSTRUMENT 
0  ELECTRICAL 

0  equipment 

0  WORKS 

0  administrative 
0  air  traffic 

0  AIR  DEFENCE 
0  INTELLIGENCE 
0  EDUCATION 
0  GROUND  DEFENCE 

0  photographic 
0  POLICE 

0  legal 

0  DOCTOR 
0  DENTIST 
0  NURSE 

0  PHARMACEUTICAL 
0  RADIOGRAPHER 

0  laboratory 

0  HYGIENE 

0  PILOT  .  YEARF07 

0  NAVIGATOR 
0  AERONAUTICAL 
0  RADIO 

0  armament 
0  INSTRUMENT 

0  electrical 
0  equipment 

0  WORKS 

0  administrative 
0  AIR  TRAFFIC 
0  AIR  DEFENCE 
0  INTELLIGENCE 
0  EDUCATION 
0  GROUND  DEFENCE 
0  PHOTOGRAPHIC 
0  POLICE 

0  legal 

0  DOCTOR 
0  DENTIST 
0  NURSE 

0  PHARMACEUTICAL 
0  RADIOGRAPHER 
0  laboratory 
0  HYGIENE 
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establishment  data. 
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0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0.0  0  0  0  0 
0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0'  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 

0  0  0  0  0  0 


0  PILOT  YEARP08 

0  NAVIGATOR 
0  AERONAUTICAL 
0  RADIO 
0  ARMAMENT 

0  instrument 
0  ELECTRICAL 
0.  EQUIPMENT 
0  WORKS 

0  ADMINISTRATIVE 
0  AIR  TRAFFIC 
0  AIR  DEFENCE 
0  INTELLIGENCE 
0  EDUCATION 
0  GROUND  defence 

0  photographic 

0  POLICE 
0  LEGAL 
0  DOCTOR 
0  DENTIST 
0  NURSE  . 

0  PHARMACEUTICAL 
0  RADIOGRAPHER 
0  LABORATORY 
0  HYGIENE 

0  PILOT  .  YEARP09 

0  NAVIGATOR 
0  AERONAUTICAL 
0  RADIO 
0  ARMAMENT 
0  INSTRUMENT 

0  electrical 
0  equipment 

0  WORKS  . 

0  ADMINISTRATIVE 
0  AIR  TRAFFIC 
0  AIR  DEFENCE 
0  INTELLIGENCE 
0  EDUCATION 
0  GROUND  DEFENCE 
0  PHOTOGRAPHIC 
0  POLICE 

0  legal 

0  DOCTOR 
0  DENTIST 
0  NURSE  . 

0  PHARMACEUTICAL 

0  radiographer 
0  laboratory 

0  HYGIENE 
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t 

page  0 

0 

0 

0 

0 

0 

0 

0  PILOT  .  VEARPIO 

0 

0 

0 

0 

0 
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0 
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0 
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0 
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0 
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0 
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0 
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0 

0 

0 

0 

0  EQUIPMENT 

0 

0 

0 

0 

0 

0 

0  WORKS  . 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0  AIR  TRAFFIC 

0 

0 

0 

0 

0 

0 

0  AIR  DEFENCE 

0 

0 

0 

0 

0 

0 

0  INTELLIGENCE 

0 

0 

0 

0 

0 

0 

0  EDUCATION 

0 

0 

0 

0 

0 

0 

0  GROUND  DEFENCE 

0 

0 

0 

0 

0 

0 

0  photographic 

0 

0 

0 

0 

0 

0 

0  POLICE 

0 

0 

0 

0 

0 

0 

0  LEGAL 

0 

0 

0 

0 

0 

0 

0  DOCTOR 

0 

0 

0 

0 

0 

0 

0  DENTIST 

0 

0 

0 

0 

0 

0 

0  NURSE 

0 

0 

0 

0 

0 

0 

0  PHARMACEUTICAL 

0 

-  0 

0 

0 

0 

0 

0  RADIOGRAPHER 

0 

0 

0 

0 

0 

0 

0  LABORATORY 

0 

00 

0 

0 

0 

0 

0 

0  HYGIENE 

SYSTEM  DATA 


page  n  1 


7  NRANKS 
25  MCATS 
1  LOOKXN 
1981  INITYE 
1  ISCALE 
1,0  HA3FAC 
5  BRANCHES 

GENERAL  DUTIES  ENGINEER  EQUIPMENT  SPECIAL  DUTIES  MEDICAL 

NO  CHANGE  RECRUIT  PROMOTED  WASTED  RETIRED 


0 

0 

1 

1 

1 

0 

MINTAB 

25 

40 

25 

5 

5 

5 

maxtab 

2  1 

4'  4 

4 

4  4 

0 

0  0 

0  0 

0  0  4  4  4 

4 

5 

4 

4 

4 

4 

99 

MlNTiM(n»l) 

4 

5 

4 

4 

4 

4 

99 

MlNTIM(n,2) 

3 

4 

4 

4 

4 

4 

99 

MlNTIMCn,3) 

3 

a 

4 

4 

4 

99 

99 

MlNTXM(n,4) 

3 

4 

4 

4 

4 

99 

99 

MlNTlM(n,5) 

3 

a 

4 

4 

99 

99 

99 

MZNTXM(n,6) 

3 

4 

4 

4 

99 

99 

99 

MlNTlM(n,7) 

4 

4 

4 

4 

4 

4 

99 

MZNTlM(n«8) 

3 

4 

4 

4 

99 

99 

99 

MlNTlMIn,9) 

4 

4 

4 

4 

99 

99 

99 

MXNTIM(o,10) 

4 

.  6 

4 

99 

99 

99 

99 

M|NTlM(n,ll) 

4 

4 

4 

99 

99 

99 

99 

MlNTZM(n,12) 

4 

4 

4 

99 

99 

99 

99 

MlNTlM(n#13) 

2 

4 

4 

4 

99 

99 

9.9 

MlNTlM(n,14) 

3 

4 

4 

99 

99 

99 

99 

MlNTlM(n,l5) 

4 

4 

4 

99 

99 

99 

99 

MlNTlM.(n»16) 

4 

4 

4 

99 

99 

99 

99 

MINTIM{h»17) 

0 

4 

4 

3 

99 

99 

99 

HZNTZM(n,18) 

0 

2 

4 

4 

3 

3 

99 

MXNTlM(n^l9) 

0 

4 

4 

4 

99 

99 

99 

MlNTlMCor2ff) 

3 

4 

4 

4 

99 

99 

99 

MlNTZMCn»2l) 

3 

4 

4 

99 

99 

99 

99 

MINTXM(i!»»22} 

4 

99 

99 

99 

99 

99 

99 

MINTIM((j,23) 

3 

99 

99 

99 

99 

99 

99 

MIMTIM(i5»24) 

4 

4 

99 

99 

99 

99 

99 

.MZNTZM(n»25) 

.3  .3  ,3  PROTAB(FLTLT«SaNLDR?WGCOR»n 
.3  .3  ,3  PROTAB(FLTLTrSONLOR-W6COR»2) 
.3  ,3  .3  PR0TAB(FLTLTrSQNLDR«WGC0Rr3} 
.3  ,3  .3  PR0TAB(FLTLT«S0NLDR-W6C0Rf4) 

.3  .3  .3  protabcfltlt-sqnldr-wgcor^S) 
.3  .3  .3  PR0TAB(FLTLT«SQNLDR«WGC0Rr6} 
,3  ,3  .3  PR0TA8<FLTLT«S0NLDR-W6C0R,7) 
,3  ,3  .3  PR0TA8CFLTLT-S0NLDR-WCC0R,8) 
,3  .3  ,3  PR0TAB<FLTLT-S0NLDR-WGCDR»9) 
,3  ,3  ,3  RROTA8(FLTLT«SONLOR-WGCOR,10) 
.3  ,3  ,3  PR07A8<FLTLT-S0NLDR-WCC0R,11) 
.3  .3  .3  PR0TA8(FLTLT-SQNL0R-WCC0R, 12) 
.3  .3  .3  PR0TA8{FLTLT-SQNLDR-WCCDR,13) 
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.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.010 

•ois 

.014 

.000 

.007 

.024 

.120 

,075 

<044 

.080 

,060 

,072 

,056 

,056 

,066 

.024 

.000 

.021 

.063 

.063 

.259 

,167 

.Its 

,132 
.458 
.147 
,091 
,093 
.063 
.029 
.045 
.020 
,083 
.500 
.000 
,009 
•  500 
.116 


.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.071 

.062 

.250 

.036 

.025 

.018 

.053 

,097 

•  963 
.940 

•  071 
.088 
.022 
.056 
.013 
,014 
.000 

•  000 
.000 
.000 
.292 
.200 
.229 
.145 
.167 
.036 
.250 
.281 
,133 
.115 
.300 
,038 
.179 
.100 
.500 
.000 
.509 
,000 


.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.  .3 
.088 
.050 
.091 
.038 
.044 
.000 
.000 
•  100 
.088 
.023 
•  000 
.021 
.000 
.065 
.058 
,019 
.924 
.923 
,000 
.062 
.308 
•  182 
.188 
.210 
.250 
.100 
.375 
.389 
.278 
.417 
,750 
.250 
.090 
,000 
.000 
1.00 
.000 
.000 


PR0TAB(FLTLT-8QNL0R- 
PR0TA8(FLTLT-S0NL0R' 
PR0TA8  (FLTI.T-S9NL0R« 
PROTAB(FLTLT-SQNLOR- 

protabcfutut-sonlor* 

PROTAaCFLTLT-SONLOR* 
PROTABCFLTLT-SONtOR- 
P.ROTAB(FLTLT-SONtOR' 
PR0TAB(FLTLT-80NL0R* 
PR0TAB(FLTLT-S0NL0R- 
PR0TA8(FLTLT-80NL0R- 
PROTAB<FLTLT-SONtOR' 
.068  .176  MASTAB 
.019  .055 
•032  .237 
•152  .097 
•081  .190 
.079  ,111 
.047  .200 
•083  .029 
.167  .167 
.061  .071 
•000  .100 
.047  .000 
.012  .000 
.012  .000 
,000  .000 
.049  .033 
.040  .000 
•025  .000 
.038  .025 
•107  .000 
,500  ,750 
.360  .000 
,292  ^330 
.250  .250 
•389  .000 
•300  .166 
.150  .009 
.417  .000 
.388  .000 
.083  .009 
,290  ,100 
.000  1.00 
.500  .000 
.500  .000' 

.000  .000 
.000  .000 
.000  .000 
1.00  .000 


WGC0R.14) 

WGCDR.15) 

WGC0R.16} 

W6C0R.17) 

MGCDR.18) 

I4GC0R.19) 

N6COR.20) 

W6C0R.21} 

H6CDR.22) 

'WGC0R.23} 

M6C0R.24) 

MGCDR.25) 
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a  37  7  I  I  I 

3  37  7  1  1  1 

2  37  7  1  I  1 

1  32  7  1  1  1 

1  39  7  1  1  1 

I  36  7  I  I  1 

I  33  7  I  1  1 

0  32  7  1  1  1 

0  30  7  1  I  1 

0  29  7  1  I  1 

1  38  7  2  1  1 

6  33  7  3  2  I 

1  28  7  8  3  1 

0  25  7  19  5  1 

4  28  6  1  1  1 

4  31  6  1  1  1 

3  33  6  1  1  1 

3  32  6  1  1  1 

2  30  6  1  1  1 

2  32  6  1  1  1 

2  30  6  1  1  1 

2  29  6  1  1  1 

2  28  -6  1  1  1 

1  30  6  1  1  1 

0  29  6  1  1  1 

0  32  6  1  1  1 

0  30  6  1  1  1 

0  28  6  1  1  1 

0  28  6  1  1  1 

0  28  6  1  1  1 

0  29  6  1  1  1 

0  30  6  1  1  1 

3  32  6  2  I  1 

2  32  6  2  1  1 

2  31  6  2  1  1 

0  32  6  2  1  1 

0  29  6  2  1  1 

0  32  6  2  1  1 

3  30  6  3  2  1 

2  28  6  3  2  1 

1  32  6  3  2  1 

2  30  6  4  2  1 

5  29  6  S  2  1 

1  30  6  8  3  1 

0  27  6  8  3  1 

5  27  6  9  3  1 

0  22  6  19  5  1 

5  32  5  1  1  1 

4  30  5  1  1  1 


RAAF  OFFICER  MANPOMER  DATA, 
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4  26 
4  27 
4  29 
4  27 
4  30 
4  30 
4  29 
4  28 
3  26 
3  27 
3  32 
3  25 
3  28 
3  33 
3  33 

3  27 
2  28 
2  26 
2  27 
2  26 
2  28 
2  26 
2  22 
2  26 
2  24 

2  24 
1  27 
I  27 
I  29 

1  23 
0  31 
0  25 
0  23 
0  21 
0  24 
0  21 
0  26 
0  25 
0  24 

4  29 
4  29 

3  31 

2  29 
1  27 
1  29 
1  27 
1  27 
0  28 
8  28 
8  31 
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5  1  1 
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5  1  1 
5  1  1 
5  1  1 
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5  1  1 
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5  1  1 
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5  1  1 
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5  1  1 
5  1  1 
5  1  1 
5  1  1 
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5  1  1 
5  1  1 
5  1  1 
5  1  1 
5  1  1 
5  1  1 
5  1  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  2  1 
5  3  2 
5  3  2 
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1  29  5  2 

10  29  4 

9  25  4 

8  26  4 

6  23  4 

6  29  4 

6  27  4 

6  27  4 

6  26  4 

6  25  a 
6  23  4 

6  22  4  ' 

6  23  4 

6  23  4 

6  25  4 

6  23  4 

6  23  4 

5  21  4 

5  22  4 

5  25  4 

5  21  4 

5  22  4 

5  20 
5  21  4 

5  15  4 

5  21  4 

5  22  4 

'  5  24  4 

5  27  4 

5  21  4 

5  28  4 

5  1  4 

5  28  4 

5  10  4 

5  32  4 

5  23  4 

5  21  4 

5  21  4 

5  21  4 

5  22  4 

5  20  4 

5  14  4 

5  20  4 

4  19  4 

4  21  4 

4  19  4 

4  24  4 

4  19  4 

4  20  4 

4  19  4 
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a  22  4 

4  19  4 

4  20  4 

4  19  9 

4  20  4 

4  19  4 

4  21  4 

4  21  4 

4  27  4 

4  19  4 

4  18  4 

4  20  4 

4  18  4 

3  19  4 

3  18  4 

3  18  4 

3  18  4 

3  19  4 

3  25  4 

3  19  4 

2  17  4 

2  18  4 

2  16  .4 

2  18  4 

2  18  4 

2  27  4 

2  17  4 

2  19  4 

2  21  4 

2  27  4 

2  27  4 

2  18  4 

2  19  4 

2  23  4 

2  20  4 

I  17  4 

1  12  4 

1  23  4 

1  18  4 

1  17  4 

1  18  4 

1  20  4 

I  17  4 

1  18  4 

1  19  4 

1  17  4 

1  20  4 

1  17  4 

1  17  4 

1  16  4 


1 

I 

I 

1 

1 

1 

I 

1 

1 

1 

1 

1 
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1 
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1 
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RAAF  OFFICER  MANPOWER  DATA,  PAGE  A  6 


1  18  a  1 

0  24  a  1 
0  24  4  1 

0  18  4  1 

0  18  4  1 

0  13  4  1 

0  17  4  1 

0  17  4  1 

0  12  4  1 

0  16  4  1 

0  17  4  1 

0  19  4*1 

0  16  4  1 

0  17  4  1 

0  17  4  1 

0  22  4  1 

0  20  4  1 

0  23  4  1 

7  31  4  2 

6  29  4  2 

5  28  4  2 

>  5  30  4  2 

5  21  41  2 

5  25  4  2 

)  5  30  4  2 

5  24  4  2‘ 

5  21  4  2 

'  5  21  4  2 

5  25  4  2 

4  21  4  2 

4  20  4  2 

4  24  4  2 

4  19  4  2 

^  3  18  4  2 

3  18  4  2 

3  23  4  2 

3  18  4  2 

2  23  4  2 

2  20  4  2 

2  25  4  2 

2  17  4  2 

2  18  4  2 

2  21  4  2 

2  24  4  2 

2  21  4  2 

2  19  4  2 

1  28  4  2 

1  18  4  2 

1  19  4  2 

1  19  4  2 
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